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INTRODUCTION 
The annual losses in com due to diseases in the US com belt have been 
estimated to range from 7 to 17 percent of the attainable yield (68). Com 
diseases affect all types of cultivated com, i. e., sweet com, field com, and pop 
com, although variation occurs in the magnitude of the damage caused (68). 
In seed production fields, leaf diseases of fungal etiology are the most 
common and, presumably, the major cause of yield losses (69). 
The female parent used in the production of hybrid corn seed is usually 
an inbred line (when single-cross hybrids are being produced) or a sister-line 
inbred cross (when "modified" single crosses or three-way crosses are 
produced). Most of the female parents used in Iowa and throughout the 
Midwest are of Iowa stiff stalk synthetic heritage. They commonly show 
varying degrees of susceptibility to foliar diseases. In general, they tend to be 
more susceptible to fungal foliar diseases than hybrid corn (7,49). Early 
planting dates are employed to avoid hot dry weather during pollination of 
inbred lines, and prevent seed damage in the event of an early fall freeze (1). 
This early planting preference and the shift towards increased use of 
conservation tillage practices (8,14,36,72), exposes the seed corn fields to 
higher levels of overwintered inoculum earlier in the season, at a time when 
rainfall is more likely to occur in the corn belt. This confluence of cultural 
practices increases the risk of early season infection by pathogens and the 
likelihood of severe disease outbreaks during the growing season. 
The detrimental effect of foliar diseases on seed yield is compounded by 
the additional yield reduction resulting from the unintentional removal of 
some upper leaves during mechanical and hand detasseling of the female 
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parent. Three to six unfurled leaves are partially or completely removed with 
the tassel (9,11,18,32,38), and consequently the plant must rely more on the 
lower leaves for production of photosynthate for grain filling. With the 
exception of com rust, the important foliar fungal diseases of corn initially 
develop in the low and mid canopy leaves and become more severe as season 
advances (68,69). 
Agricultural fungicides are an effective disease control tool and are often 
utilized in integrated pest management systems (7). Hybrid corn seed is a 
commodity of high economic value and seed producers often apply fungicides 
to reduce yield losses due to various fungal foliar (13). The protectant 
fungicide mancozeb was the product of choice by most seed corn producers 
until its registration was voluntarily withdrawn in 1990 (7); in 1992 the use of 
mancozeb was reinstated. Chlorothalonil and copper thallate are other 
protective foliar fungicides that are registered for use in seed com production. 
Propiconazole, a systemic fungicide with proven efficacy to control foliar 
diseases of com, is currently pending federal approval for use in seed corn 
production fields. 
Practices aimed toward an increase of saleable seed per unit area of 
production would be of tremendous benefit to seed producers and seed 
companies. Unfortunately, there is a tremendous lack of knowledge about the 
quantitative relationships between disease severity and yield of com seed. 
Likewise, there is a paucity of information on the timing, frequency of 
applications, benefits and risks concerning the use of fungicides to manage 
foliar diseases of seed com. The objectives of this dissertation are: 
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1. To quantify the relationships between the severity of foliar diseases and 
yield of saleable seed in seed corn production fields. 
2. To relate crop phenology and disease severity at time of fungicide 
applications with eventual disease control and yield of saleable seed. 
3. To develop guidelines and procedures to be used by seed producers to 
determine whether or not application of fungicides for foliar disease control is 
warranted. 
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LITERATURE REVIEW 
Status of Seed Com Crop andlMseases 
The Crop 
Production of com seed is a highly profitable enterprise in the U, S. 
com belt and particularly in Iowa (7). Current market prices for seed corn 
are about US$ 80 per unit (bag of 80,000 seeds), which is about 40 fold greater 
than an equivalent volume of field com. Seed com in the U. S. is grown in an 
estimated 303-324 thousand hectares (7), with Iowa producing approximately 
30% of the nation's seed on approximately 101,000 hectares (David Schultz, 
President of the Iowa Seed Dealers Association, personal comunication). 
A drastic shift in farming practices has occurred during the last two 
decades in the maize growing areas of the United States. Increased costs of 
farming inputs (fossil fuels in particular), lower retums for farm products, 
and concern over soil erosion have made reduced tillage and no-till practices 
attractive alternatives for com production (14,36). Reduced tillage and no-till 
production practices intentionally leave crop residue on the soil surface to 
reduce soil erosion by wind and run-off water (14). Those soil conservation 
practices, which may soon be mandated by legislation, create an environment 
favorable for the com foliar pathogens which can survive in the crop debris, 
and reproduce in the moderately warm, humid environment created by 
conservation tillage systems (8,14,36,72). Adoption of reduced tillage systems 
in com for Iowa began in the early 1970s, and by 1989 more than 60% of the 
cultivated area of the state was in some type of conservation tillage system (3). 
A range of com foliar diseases have been reported as new or more 
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prevalent and severe problems in the Midwest as the frequency of reduced and 
no-till tillage practices has increased. These are Southern com leaf blight 
(Cochiobolus heterostrophus), anthracnose leaf blight (Colletotrichum 
graminicola), gray leaf spot {Cercospora zeae-maydis), eyespot (Kabatiella 
zeae), Northern com leaf blight (Setosphaeria turcica) and Northern leaf spot 
(Bipolaris zeicola ) (14,36,43,59,69). Eyespot and gray leaf spot were new to the 
Midwest. All of these pathogens have the ability to overwinter in infested crop 
debris, which assures their survival and the availability of an early supply of 
inoculum (8,14,58,69,72). 
The Diseases 
A number of fungal foliar diseases that affect inbred lines used for 
production of seed are presumed to be responsible for substantial reductions 
in farm income. Actually, there are large knowledge gaps conceming the 
local and regional prevalence of foliar diseases and the magnitude of the 
losses they cause. Without this information, the benefits derived of the 
application of fungicides can not be determined. In a recent report (7), 
estimates for several states on yield losses caused in seed com by fungal leaf 
diseases in the absence of foliar fungicides ranged between 10% and 35%; the 
corresponding estimate for Iowa was 25%. 
Smith (69) presented an overview of selected com diseases of differing 
etiology which, though apparently not of equal spatial and temporal 
importance and distribution, presumably represented a permanent threat to 
the corn seed production industry. All thirteen cases reviewed showed leaf 
signs and/or symptoms, i.e., fungal structures, cholorosis, necrosis, 
blighting, as a common feature, although in some cases, other parts of the 
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plants anatomy were also involved; nine instances were foliar diseases of 
fungal origin, two were bacterial diseases, and two were diseases of viral 
origin (69). Thus, leaf spot diseases of fungal etiology are an important 
pathological problem of corn. They all affect the different types of cultivated 
com (68), though their importance varies depending on their prevalence, host 
genotype susceptibility, severity of the injury/losses caused, and value of the 
crop. 
Personal observations made in 1990,1991 and 1992 phytosanitary 
inspections of seed corn fields for seed companies showed that five leaf 
diseases were more likely to be of economic importance in Iowa because of 
their prevalence and magnitude of injury. These were gray leaf spot, 
northern corn leaf blight, northern leaf spot, common rust, and Stewart's 
disease. Stewart's disease is of bacterial etiology (68) and its control most 
likely requires host plant resistance or control of the vector, the corn flea 
beetle. Eyespot and anthracnose, both leaf spots of fungal origin (68), are 
favored by conservation tillage and continuous corn culture (36,43), but in 
Iowa they were found infrequently in recent years. Southern corn leaf blight 
has not been a problem in Iowa since T cytoplasmic male sterility was 
dropped from use in seed corn production. 
Grav Leaf Spot 
Gray leaf spot has been reported occurring in Mid-Atlantic areas of the U 
S from Pennsylvania to South Carolina (40). It was originally documented in 
Illinois in 1924 by Tehon and Daniels (73), but it was not until 1982 that it was 
reported again in the Midwest (49), causing an epidemic in Southeast Iowa 
and Northeast Missouri. Since then, gray leaf spot has been increasing in 
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prevalence and severity in the Midwest, including Iowa (69). The disease is 
caused by Cercospora zeae-maydis Tehon and Daniels (73). Penetration 
occurs via stomata (5); frequently gray leaf spot is noticed first on the lower 
leaves and later in the upper leaves (16). Lesions on susceptible genotypes are 
expressed as gray to tan rectangular lesions delimited by the major veins on 
the corn leaf, though the sheath and husk tissue can also be infected by the 
fungus (40). The first symptoms of gray leaf spot generally appear from mid 
to later in the growing season. Reasons for the delayed appearance of the 
disease are not known, though environmental changes (5,40,58,64) and 
decreased host resistance (30,64) have been speculated as the reason. The 
distribution and severity of the disease may vary from one season to another 
(40), but it is most often associated with reduced tillage management and/or 
continuous maize culture (40,58,59), Disease development is favored by 
extended periods of overcast days and high relative humidity (5,40,64). Under 
favorable conditions, the time for appearance of sporulating lesions varied 
from 16 to 21 days after inoculation (5,6). 
Com genotypes resistant to C. zeae-maydis have been identified, though 
nearly all elite com belt inbreds show ineffective levels of resistance when 
exposed to high amounts of inoculum (16). All evidence suggests a 
quantitative-type of inheritance, largely due to additive gene action (4). 
There have been a few reports of the direct effects of gray leaf spot on com 
yields (4,30,44,59,70,71) and unfortunately, all yield tests have been conducted 
with commercial hybrids and usually with artificial inoculations. Both 
scenarios are not realistic of seed corn field situations. Nevertheless, based 
on the magnitude of the losses documented in hybrid com (4,30,44,59,70, 71), it 
8 
is generally agreed that there is potential for severe yield losses in seed corn 
fields (16,71). 
Northern Leaf Spot 
Northern leaf spot is caused by the fungus Bipolaris zeicola (Stout) 
Shoemaker [ie\eorsior^h.=Cochliobolus carbonum Nelson (syh= 
Helminthosporium carbonum Ullstrup)] (69). Primary inoculum comes 
mainly from crop residues, though carry-over can occur by deep-seated seed 
infection (37). Secondary spread is by air-borne conidia. The fungus directly 
penetrates epidermal cells and only occassionally through stomata (53). 
Three races have been described and are designated as races 1, 2, and 3 (69). 
The importance, symptomatology and the nature of the mechanisms 
controlling resistance to each of the races is different (69). Bipolaris zeicola 
race 1 exhibits tan, oval lesions that can appear on all above ground tissue 
(69). The disease caused by race 1 is usually considered to be of minor 
importance (37,69) as few com inbreds are susceptible to it, and its control is 
achieved through the use of host resistance using a single dominant gene for 
resistance (37,68,69). Race 2 of B. zeicola is characterized by oblong to blocky, 
tan to chocolate-brown lesions on susceptible corn. Corn inbreds are more 
susceptible than hybrids (69) and, although widely distributed in the US, it 
causes little economic damage. Race 3 of Bipolaris zeicola exhibits narrow, 
linear grayish-tan lesions surrounded by a light to darkly pigmented border. 
Resistance to race 3 appears to be polygenically inherited, with additive gene 
action being more important than non-additive (69). An apparently new race 
or strain of B. zeicola was described recently by Dodd and Hooker (17), where 
it was seriously affecting inbred lines of com with B73 in their pedigree. This 
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new pathogen is present in Iowa, Minnesota, Illinois, Indiana, and Michigan 
(C. A. Martinson, personal communication). Symptoms are similar to race 2 
with some lesions like race 1. This disease is a problem primarily in seed 
production fields and is causing great concern among seed producers because 
of the widespread use of B73 derived inbred lines. 
Northern Com Leaf Blight 
Because of its prevalence and the severity of the damage it can cause. 
Northern com leaf blight is considered to be one of the most important 
diseases of corn (42). It is caused by the fungus Setosphaeria turcica 
(Luttrell) Leonard and Suggs (anamorph= Exserohilum turcicum (Pass.) 
Leonard and Suggs (Syh. = Helminthosporium turcicum Pass.)) (42). 
Penetration of host tissue occurs either directly through the epidermal cells or 
through stomata. Depending on environmental conditions, symptoms appear 
7-12 days later (37). Symptoms on susceptible genotypes are long, elliptical or 
lens-shaped, gray-green lesions measuring 2.5 to 15 cm in length. The 
disease first appears in the lower leaves of the plants and the upper leaves 
become diseased as the growing season progresses; under severe disease 
pressure the lesions coalesce to cause a severe blighting (68,69). Sporulation 
occurs on the underside of the leaves (69). The fungus overwinters in infected 
crop debris, although in mild climates it can also survive on volunteer plants 
(37). 
At least three races of the fungus have been identified (69), and 
monogenic as well as various levels of polygenic resistance can be found in 
maize inbreds (11,62). Monogenic resistance, under the control of Ht 1, Ht 2, 
and Ht 3 genes, is characterized by the formation of small chlorotic lesions 
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and a marked reduction in pathogen sporulation (62) or, as in the case of the 
HtN gene, it delays lesion formation (24). Polygenic resistance effectively 
reduces (in varying degrees) the number and size of lesions, thus affecting the 
rate of disease increase (62). The magnitude of yield losses vary. Yield losses 
can occur on susceptible genotypes under severe disease conditions 
(11,20,55,57, 60,61,67,76). Even if moderate levels occur, plants are 
predisposed to attack by common stalk rotting pathogens, which result in 
increased losses (20,61). 
Common Rust 
Common rust is present in the U. S. wherever corn is grown, and its 
severity varies across years and locations (37,68,69). Early infection increases 
the likelihood of yield losses and it can be a problem on certain inbreds used in 
seed production (28,69). The disease is caused by the fungus Puccinia sorghi 
Schwein., an obligate parasite of which at least 14 races have been 
distinguished in the U S (52). On susceptible genotypes the symptoms of rust 
are scattered oval to elongate cinnamon-brown, powdery sori on the upper 
and lower leaf surfaces, although it can occur in any tissue above ground (69). 
Uredospores are released from sori and are dispersed by winds to new leaves 
where they germinate in the presence of free water (52) or high relative 
humidities (46,52). Penetration occurs via stomata (78). Disease development 
is favored by cool humid weather. Cardinal mean mimimum and maximum 
temperatures for uredospores germination are 2-5 C and 30-35 C, respectively. 
Optimum temperatures for germination are 15-20 C (39,46,51,78). Optimal 
temperature requirements for pustule development (latent period) are slightly 
higher. It is generally accepted that under favorable conditions the latent 
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period is of 5-9 days (47,52). The alternate host in which the pycnial and aecial 
forms of the fungus are formed on species of Oxalis (52), but apparently the 
pathogen exists in the U. S. only in the imperfect (repeating) uredosporic 
stage. Black teliospores appear late in the season, but apparently do not 
function to maintain the pathogen in the U. S. It is presumed that most 
uredospores do not survive the winter in the com belt and inoculum for early 
summer infection of fields in the com belt comes from living corn plants in 
the Southern U. S. (28,52), which is carried north by winds. 
Most, if not all, of the information available on yield losses due to 
common rust has been obtained from sweet corn (15,54,56), where its severity 
usually warrants fungicide applications to prevent yield losses. Resistance to 
common rust, both of oligogenic and polygenic nature, has been found. 
Though single-gene resistance has been incorporated in a few inbred lines, 
the great majority of corn lines interact with all known races of the fungus to 
produce uredosori of the susceptible type (52); in contrast, many of the 
commercial hybrids have a durable, high level, non-specific, polygenic 
resistance (52). Fungicide applications for rust control are a normal practice 
in seed production fields when the disease becomes severe (69). 
Com Yield and Diseases 
Physiological and Moiphological Basis of Com Yield 
Yield, or dry matter production by a plant, is largely a function of 
photosynthesis carried out in leaves (77). A linear relationship exists between 
grain yield of com and the number of leaves and their area (33), as well as 
their duration after flowering (19,25). There can be up to 12 green leaves on a 
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plant entering the reproductive phase (23), of which the top 8 or 9 leaves will 
make the greatest contribution to grain fill (2). 
There is a definite relationship between the different growth stages and 
dry matter accumulation in the com plant (27). Com essentially stops growth 
in height with the onset of flowering, which is a function of accumulated 
degree days and day length. Degree days are a relative maturity scale 
calculated from daily temperature averages minus a base (10 C) and 
accumulated over the growing season. Rapid dry matter accumulation in 
kernels starts at silking time (27,33) and continues after flowering for about 
1400 degree days, when kernel moisture is about 30%. According to Jain (33), 
the leaf laminae constituted two-thirds of the photosynthetic area in a normal 
maize plant after silking, and contributed more than 80% of the total dry 
matter accumialated in the ears, 90-95 % of it directly into kernels. Jain (33) 
estimated that the percent contribution of the top four leaves, the middle five 
and the lower eight leaves that went to the ear was of 10.3, 52.8, and 18.1%, 
respectively. Allison and Watson (2) estimated that the percentage 
contribution of dry matter (after silking) to grain yield was of40, 35-50, and 5-
25%, respectively, for the top five, the middle four, and the bottom six leaves on 
a plant. The same leaves have been estimated to account for 26, 42 and 32% of 
the green leaf area duration, respectively (2). Thus, the middle leaves, 
including the ear leaf, contribute most to dry matter accumulation when the 
full complement of leaves is present. 
It appears that, unlike other cereals, stored dry matter makes only 
minor contributions to the dry matter content of com grain and, as a result, 
the upper two-thirds of the leaf area supplies most of the dry matter for grain 
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fill (2,33). In addition, leaf efficiency (dry matter produced per unit area of 
leaf) decreases greatly from the top to the base of the plant, an apparent result 
of shading (reduced radiation interception) rather than differential radiation 
use (2). 
Determination of yield in Seed Com 
The discovery that some male sterile cytoplasms of corn are particularly 
susceptible to certain diseases, e.g., Southern leaf blight (11), has resulted in 
the extensive use of both hand and mechanical detasseling in the production 
of hybrid corn seed. When detasseling of corn plants is performed, some 
leaves are removed, causing a reduction in grain yield. The yield reduction is 
directly related to the amount of leaf area removed (9,18,32). According to 
Hunter et al. (32), the yield loss response of inbreds because of leaf area loss 
during detasseling varies greatly among inbreds, presumably because of 
genotypic differences in total leaf area. Removal of the top three leaves along 
with the tassel in five inbreds reduced average seed yields 19.8% in short-
season inbreds while similar treatments applied to long-season inbreds 
caused a mean seed yield reduction of 7.3% (32), Similar results were 
reported by Borgeson (9) for inbreds subjected to detasseling. Long-season 
genotypes usually produce a greater number of leaves during the vegetative 
phase than short-season genotypes, which makes them more resilient to the 
loss of leaves. In a study involving three different inbreds, Bowen and 
Pedersen (11) studied the effect of detasseling and northern com leaf blight on 
yield and yield components of three different inbreds: they found that 
detasseling and disease reduced the plants' yield potential in an additive 
manner; detasseling by cutting lowered yields by 10% versus 1% reduction 
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by detasseling by pulling. 
It is obvious that the partitioning of dry matter contribution to grain 
filling from plants that have gone through detasseling is different than that of 
non-detasseled plants. The lower canopy layer of leaves becomes a more 
important source of photosynthate for grain filling. The lessening of internal 
shading (2) by modifying the architecture of plants due to detasseling should 
increase the photosynthetic efficiency of the lower canopy layers to achieve 
some degree of compensation for the lost photosynthetic area. Bowen and 
Pedersen (11) showed that corn plants can compensate for "small" losses in 
leaf tissue due to detasseling by making more efficient use of the remaining 
leaf area. 
Expeiimental Determination of Crop Yield Losses 
One of the biggest limitations to implementing integrated pest 
management programs has been the paucity of information on crop loss (45). 
Plant pathology became a separate science largely as a result of man's desire 
to prevent the losses caused by plant pathogens. Paradoxically, there are few 
reliable estimates of crop losses due to plant diseases (31,34,45,48). 
Implementation of economically and environmentally sound disease control 
measures can not be carried out without reliable crop loss estimates. 
Crop loss has been defined as any measurable reduction in the 
production of food, fiber or feed (12). Plant pests (including pathogens) differ 
greatly in the way they cause injury to plants and subsequent yield losses. 
They may reduce inputs like light, CO2, and water; they may directly or 
indirectly affect rates of metabolic and growth processes; or they may remove 
and/or consume previously produced assimilate or crop structural materials 
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(77). In spite of the mechanisni(s) involved, the end results are the same. 
Com leaf pathogens infect leaf tissue and, as the disease severity increases, 
there is a proportional decrease in photosynthetic activity which results in 
reduced yield and the predisposition of the plant to stalk rots (36). 
Any stress that directly reduces photosynthetic area (i.e., leaf tissue) and 
subsequently, photosynthate production, can be used as a variable to calculate 
yield losses (22). Leaf pathogens can provide the stress and, in addition, they 
often influence plant growth other than by directly reducing the leaf area 
(e.g., by hormone and toxin production, predisposition to root and stalk rots, 
etc.) (22). In the context of yield loss assessment, usually the primary purpose 
of acquiring pest-yield loss data is to enable estimation of a response of yield to 
different levels of a pest or pests, i.e, disease. Usually secondary to it, 
although some times as important, is to compare treatments with a control 
(66), which can be either the standard commercial practice or the absence of 
any control measure. Thus, the idea is not to prove that pest intensity A is 
different from pest intensity B but rather, that there is, or there is not, a 
significant response relationship between varying levels of pest intensity and 
crop yield or loss. 
Crop losses due to disease can be considered a function of the disease 
epidemic plus unexplained variation (34). Simple linear regression analysis , 
by far the most popular way of representing crop loss as a function of disease 
epidemics (34), makes possible a statistical evaluation of the relationship 
between disease intensity and crop yield (34,65,74). Its use is based on the 
assumption that there are equal or no effects of other variables that may affect 
the basic disease-loss relationship (74), an assumption that is rarely met 
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under field conditions. Disease-loss models use one (or more) epidemic 
characteristics, i.e., predictors, independent variables, or regressors, to 
predict yield loss (34). 
Several approaches have been used to relate disease to yield loss based on 
the independent variables used (22,34,35,45,69,74). One of such approaches is 
called the 'critical point" method, in which the model takes into account a 
single predictor, the amount (intensity) of disease at a specific time in the 
development of the crop to predict the magnitude of the yield loss (22,35,45). 
The other single predictor often used is "area under the disease progress 
curve" (AUDPC), which integrates the level of disease over time for the entire 
epidemic. Finally, multiple point models which include disease intensity 
assessments made at several times as independent variables have been used 
to estimate losses. 
For assessments of the magnitude of disease-induced losses incurred in 
commercial cropping conditions, several factors should be considered in the 
design of field experiments aimed at measuring those losses. They include, 
among others, that the experiments be conducted i) in more than one location 
in the area where the crop is grown, ii) for more than one year, and iii) on the 
major cultivars grown in the area of interest (34). 
Status of Knowledge on Leaf-Disease-Induced Yield Losses in Seed Com 
In spite of the high economic value of seed com and the perceived 
importance of the damage caused by leaf diseases, there is a general lack of 
information on the actual disease losses that occur in seed corn fields. The 
physiologic and production factors which together determine yield in seed 
com will differ from those that affect commercial hybrid corn, pop corn, and 
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sweet com cultivars. The inbred lines used for seed parents in seed 
production produce much less than hybrids, and the yield of seed parents is 
further reduced by leaf tissue removal during detasseling (9,11,18,32,38). 
Moreover, not all of the kernels produced meet the size requirement to be 
classified as saleable seed. 
A thorough search of the literature brought out only two papers dealing 
with determination of disease-yield losses relationships in an environment 
"similar" or somewhat close to that of a seed production field (11,63), though 
there is a relatively considerable amount of information on the relationship 
between leaf diseases and yield of field and sweet com (15,20,30,44,54,55,56,60, 
61,67,70,76). In most cases, these studies relied upon artificial inoculations of 
the particular pathogen to create stress levels. In the absence of information 
generated in a more realistic scenario, the literature available provides an 
excellent starting point to evaluate the potential of leaf diseases to cause yield 
losses in seed corn production. 
Raymundo and Hooker (61) reported losses of field corn due to northern 
com leaf blight may be as high as 40% when susceptible hybrids were infected 
before silking and the environment was favorable for disease development. 
Working also with field corn, Ullstrup and Miles (76) determined that this 
disesase can cause yield losses as high as of 50% in epidemics in which initial 
infections occurred before silking and disease became severe 2-3 weeks after 
fertilization. Losses of 15-25% have been reported when the disease is severe 
4-5 weeks after fertilization. If the onset of the disease is delayed 6-8 weeks 
after fiill silking, no significant yield losses are likely to occur (76). In 
addition, plants infected with leaf blights are often predisposed to root and 
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stalk rot infections (70). Bowen and Pedersen (11), studying the combined 
effect of northern corn leaf blight and detasseling on 3 inbreds, reported that 
critical-point models gave the best prediction of reduction in number of grains 
per plant using disease severity after completion of flowering [growth stages 
5-6 sensu Hanway (27)] as the independent variable. The best critical point 
for reduction of seed weight was obtained when disease severity was assessed 
at physiological maturity (growth stage 9). Higher disease severities were 
correlated with decreased seed size, though disease and seed size were not 
correlated with seed germinability. Maximum loss in a highly susceptible 
inbred over a 3 year period averaged 37%; kernel number decreased from 0.8 
to 1.2% for every 1% increment in disease severity, and total yield decreased 
2.1-5.9% for every 100 units AUDPC, across all environments. Perkins and 
Pedersen (60) used Critical Point and AUDPC models to estimate potential 
yield losses caused by northern com leaf blight in corn hybrids, both using 
transformed and untransformed disease data. They found that AUDPC was 
the best choice in attempting to predict yield losses, though CP models at 3, 5 
and 6 wk after midsilk also gave good estimates of potential yield losses. They 
also found significant differences in 500-kernel weight, suggesting reduced 
kernel weight contributed to yield losses. 
Hilty (30) evaluated the response of hybrids to gray leaf spot by pairing 
fungicide-protected and non-fungicide-protected plots, under natural 
infection conditions arising in a continuous-corn field with a history of gray 
leaf spot in previous years. In 1978, the mean grain yield loss in non­
protected corn plots in relation to plots in which sprays were initiated before 
symptoms appearance was 22,0%. In all cases the decrease in yield 
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corresponded to higher disease indices, though no attempt was made to 
correlate gray leaf spot indices to yield or other agronomic characters (30). In 
a study carried out using a field corn hybrid under natural infection 
conditions and disease levels generated using different fungicidal treatments 
and an untreated control, grain losses of up to 40% were reported due to gray 
leaf spot (67). 
Fisher et al. (21) evaluated the potential yield losses caused by northern 
leaf spot in comparison to northern corn leaf blight and southern com leaf 
blight in 20 field corn hybrids, relying on artificial inoculation of all 
pathogens. They applied regression models to analyze the relationship 
between disease and yield. Although in a highly susceptible hybrid northern 
leaf spot was associated with a 24% yield reduction, the mean reduction in 
yield was 6%, suggesting that the destructive potential of northern leaf spot 
was not as great as that of the other diseases. Reifschneider and Amy (63) 
evaluated the relationship between grain yield of four genotypes (two inbreds 
and two hybrids) and eyespot severity at different growth stages, relying both 
on artificial and natural infection. They estimated a mean grain yield 
reduction under natural infection of 9% which, according to them, places 
eyespot in the same category of northern leaf spot, a disease with a low 
destructive potential. 
Pataky (54) studied the relationship between common rust and yield of 
three hybrids of sweet corn using simple linear regression. Variation in total 
yield and its components was best explained by severity assessments one week 
before harvest, indicating that estimated yield reductions due to common rust 
were of 6-7% for each 10% increase in mst severity. 
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Disease Control in Seed Com 
Genetic Control 
Resistance offers the best means for control of seed corn foliar diseases, 
though no single genotype offers complete disease resistance (37,69), Little is 
known about the varietal resistance toward C. zeae-maydis that has been 
identified (40). There are a number of sources of resistant germplasm, with 
reactions ranging from immunity (no lesions) through high resistance (fleck-
type lesions) down to tolerance. Thompson et al (75) showed that resistance to 
gray leaf spot in the inbreds they tested was conditioned mainly by additive 
genetic effects. Resistance was not very complex, could be identified 
efficiently by performance of the inbreds per se. and could be transferred by 
usual backcrossing and selection tecniques. 
Resistance to northern corn leaf blight is conferred by many genes and 
also resistance conferred by single dominant genes has been identified and 
incorporated into corn inbred lines (62), although apparently no genotype 
carries resistance to all races (37,42,60), which is reflected in the high 
prevalence of this disease. A similar situation occurs with northern leaf spot 
and common rust (37,69), although the prevalence and in particular the 
severity of these two diseases usually appears to be much lower than that of 
northern corn leaf blight {personal observation). 
Cultural Control 
Continuous com culture allows pathogen populations to buildup and also 
enables the pathogen to remain in intimate contact with its host. Crop 
rotation, i.e., corn-soybean rotation, is a very effective control measure since 
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corn pathogens do not infect soybeans and vice versa (36). In addition, the one 
year period between com crops in the rotation allows for further 
decomposition of infested corn debris, thereby lowering the initial inoculum. 
Most of the com leaf pathogens have low competitive saprophytic ability (14). 
Under North Carolina conditions, Payne and Waldron (58) showed that the 
gray leaf spot pathogen overwintered in com debris and survived well into the 
growing season on the leaf debris of the previous season. Conversely, when 
the debris was buried 15 cm under the soil, the pathogen would not survive 
beyond January. Similar results were found by Lipps (43) in Ohio with the 
anthracnose fungus {.Colletotricum graminicola). 
Chemical Control 
Hybrid com seed produced on inbreds is a commodity of high value and 
fungicidal control of diseases is economically feasible in order to prevent yield 
losses (11). Protectant fungicides are approved by EPA for use on seed corn 
and are used in seed production fields (13), though factual information is 
lacking on their timing and frequency of applications. 
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MATERIALS AND METHODS 
Field Ebsperimental Spedficatioxis 
Site Selection 
From 1990 thru 1992,19 experiments were established in Eastern Iowa in 
commercial seed fields of cooperating seed companies. Only 14 of those trials 
provided yield and/or disease data that could be subjected to critical analysis 
(Table 1); the remaining five trials were discarded because no fungal leaf 
diseases appeared, or were damaged by drought or hail. 
The experiments were located in commercial seed corn production fields 
in which no foliar fungicides other than those included in the experiments 
were applied. Each year a series of prospective fields were scouted early in 
the growing season with personnel of the cooperating companies and the 
most appropriate ones were chosen as experimental sites based on the 
following criteria: i) they had been on corn the previous growing season, ii) 
they were under some sort of conservation tillage that left debris from the 
previous crop uncovered, iii) they were planted in four-row blocks, with rows 
spaced at 0.76 m and (this spacing was not always available) and, iv) fields 
showing some foliar disease symptoms were preferred above those free of 
disease. 
The genotypes to which the fields were planted were proprietary inbred 
lines commonly used of which the genetic background and agronomic traits 
were not known to us. When possible, fields planted to the same genotypes 
were used over the three years. All fields were planted in a 4:1, female:male 
row ratio. 
Table 1. Sites of experiments established in commercial seed com production fields during 1990, 1991, 
and 1992 
Final 
population Row Plot 
of female spacing size 
Year Nearest town County Cooperator Inbred (plants/ha) (m) (m2) 
1990 Green Mountain Marshall Pioneer Hi-Bred A 42,857 0.76 10.64 
1990 Mt Union Henry Pioneer Hi-Bred A 45,113 0.76 10.64 
1990 Fremont Mahaska Pioneer Hi-Bred B 43,609 0.76 10.64 
1990 Packwood Jefferson Pioneer Hi-Bred B 39,850 0.76 10.64 
1991 Bennett Cedar Pioneer Hi-Bred A 49,613 0.76 30.48 
1991 Fremont Mahaska Pioneer Hi-Bred A 50,119 0.97 30.88 
1992 Liscomb Marshall Pioneer Hi-Bred A 44,058 0.76 30.48 
1992 Liscomb Marshall Pioneer Hi-Bred C 49,408 0.76 30.48 
1992 Beaman Grundy Pioneer Hi-Bred A 49,532 0.76 30.48 
1992 Keystone Benton Pioneer Hi-Bred A 46,395 0.76 30.48 
1992 Keystone Benton Pioneer Hi-Bred C 46,053 0.76 30.48 
1992 Van Home Benton Pioneer Hi-Bred A 47,203 0.76 30.48 
1992 Lincoln Tama ICI Seeds D 45,889 0.76 30.48 
1992 Conrad Grundy Lynks Seeds E 42,992 0.76 30.48 
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Two experiments conducted in 1992 had very low levels of disease, which 
appeared at the end of August and the expected disease injury was negligible; 
it was decided to selectively harvest only those treatments with the most 
number of applications of each of the fungicides to assess any phytotoxicity 
that might be reflected in the yield. Weather records representing the general 
areas where the fields were located during the three years were obtained from 
Pioneer Hi-Bred International, Inc. (Johnston, lA). 
Experimental Layout 
A randomized complete block design with four replications per treatment 
was used in all experiments, accommodating each replication along adjacent 
parallel four-row blocks of female plants. Precautions were taken to 
minimize interplot interference arising from inoculum and spray drift. The 
male rows between adjacent replications served as guard rows and in 1992 
one four-row female block remained untreated as a buffer between 
replications. 
The experimental units were rectangular plots, four rows wide and 
delimited at each end by 1-m wide plant free alleys that were cut 
perpendicular to the direction of the rows. Row spacing was 0.76 m in 1990 
and 1992 and at the Bennett site in 1991; in 1991, the Fremont site had a row 
spacing of 0.97 m. In 1990 the plot length was 8 m. In 1991 and 1992 the plot 
length was 11 m where the row spacing was 0.76 m and the plot length was 8 
m with 0.97 m row spacing. A length of 0.5 m on each end of the row was 
omitted from data collection, plant counts, and harvesting for yield. The 
actual plot areas are listed in Table 1. In 1990 the two center female rows 
were harvested for yield. In 1991 and 1992 all four female rows were 
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harvested for yield. 
Treatment Design. 
In crop loss assessment experiments, multiple levels of a treatment (or 
treatments) should be applied in order to generate several levels of disease 
(45). In this study, treatments consisting in the application (or no-
application) of fungicidal chemicals at one or more growth stages of the 
plants were designed to generate a range of disease severity levels and 
simultaneously provide information on the efficiency of disease control by the 
different fungicides and schedules. We included an untreated control and 
applications at different times and frequencies (Tables 2,3,4 and 5) of the 
following fungicides: chlorothalonil, at 1.69 kg or 2.53 kg a.i./ha [2.35 or 5.51 
L/ha of formulated product (Bravo 720, ISK Biotech Corp., Mentor, OH)]; 
mancozeb, at 1.26 kg a.i./ha [1.68 kg/ha of formulated product (Dithane DF, 
Rohm and Haas Co., Philadelphia, PA; the spreader/sticker Latron-1956 was 
added at 158 cc/ha)]; copper thallate, at 2.06 kg a.i. [3.50 L/ha of formulated 
product (equivalent to 0.16 kg metallic copper/ha) (TENNCOP 5E, Boliden 
Intertrade Inc., Atlanta, GA)]; and propiconazole at 125 g a.i./ha [291 ml/ha 
of formulated product (Tilt 3.6E, CIBA-GEIGY Corp., Greensboro, NC)]. 
The trial conducted in 1992 in the Lynks Seeds field consisted of one 
application of each of three fungicides at GS 7.5 (kernels start to harden, but 
no denting is still visible) using the customary dosages. The purpose of this 
trial was to determine whether fungicide applications could reduce yield 
losses when applied late in the season to a severely diseased field. The single 
spray of each of the different products was applied at this site on August 21 
(GS 7.2; about eight days before initiation of kernel denting, and about 27 
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Table 2. Treatments applied to experimental plots in Pioneer Hi-Bred seed 
com fields in summer 1990® 
Treatments^ 
Spray timing by experimental site 
Green Mountain & 
Fremont 
@GS 6.0C @GS 6.0 
Mt Union & Packwood 
@GS 6.0 ®GS 7.0 
X 
X 
Chlorothalonil 
Chlorothalonil 
Copper thallate 
Copper thallate 
Propiconazole 
Propiconazole 
Untreated 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
maximum of two sprays were applied with any fungicide. 
bgee growth stages (GS) in Table 6 as modified from Hanway (25). 
^Chlorothalonil at 2.53 kg a.i./ha, copper thallate at 2.06 kg a.i./ha, and 
propiconazole at 125 g a.i./ha. 
d"X" = sprays were applied, no sprays were applied. 
Table 3. Treatments applied to experimental plots in Pioneer Hi-Bred seed 
com fields in summer 1991 
Dosage Spray timing^ Total 
Treatments a.i./ha @GS 4.0 @GS 5.5 @GS 6.8 sprays 
Chlorothalonil 1.69 kg x^ X X 3 
Chlorothalonil 1.69 kg X X - 2 
Chlorothalonil 1.69 kg - X X 2 
Chlorothalonil 2.53 kg X X - 2 
Propiconazole 125 g X X - 2 
Propiconazole + 125 g + X X - 3 
chlorothalonil 1.69 kg - - X 
Copper thallate 2.06 kg X X X 3 
Untreated control 0 
*See growth stages (GS) in Table 6 as modified from Hanway (25). 
b"X" = sprays were applied, = no sprays were applied. 
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Table 4. Treatments applied to experimental plots in Pioneer Hi-Bred seed 
com fields in summer 1992 
Treatments^ 
spray timing^ Total 
sprays @GS 2.5 @GS 4.0 • @GS 5.5 @GS 7.0 
Chlorothalonil XC X X X 4 
Chlorothalonil X X - 2 
Chlorothalonil - X X 2 
Chlorothalonil - - X X 2 
Chlorothalonil - X - 1 
Chlorothalonil - - X 1 
Mancozeb X X X X 4 
Propiconazole X X - 2 
Propiconazole - X - 1 
Untreated - - - 0 
*8ee growth stages (GS) in Table 6 as modified from Hanway (25). 
^Chlorothalonil at 1.69 kg a.i./ha, mancozeb at 1.26 kg a.i./ha, and 
propiconazole at 125 g a,i./ha. 
®"X" = sprays were applied, = no sprays were applied. 
Table 5. Treatments applied to experimental plots in ICI Seeds seed com 
fields in summer 1992 
spray timing^ Total 
Treatments^ @GS 4.0 @GS 5.5 @GS 7.0 sprays 
Chlorothalonil X X 3 
Chlorothalonil X X - 2 
Chlorothalonil • X X 2 
Chlorothalonil X - 1 
Chlorothalonil - X 1 
Mancozeb X X X 3 
Propiconazole X X 2 
Propiconazole + X X 2d 
chlorothalonil 
Propiconazole X - 1 
Untreated - - 0 
*8ee growth stages (GS) in Table 6 as modified from Hanway (25). 
^Chlorothalonil at 1.69 kg a.i./ha, mancozeb at 1.26 kg a.i./ha, and 
propiconazole at 125 g a.i./ha. 
®"X" = sprays were applied, = no sprays were applied. 
first spray of propiconazole followed by a single spray of chlorothalonil. 
28 
Table 6. Description of growth stages of com and their identifying 
characteristics used in trials at seed corn production fields.^ 
Growth stage (GS) Identifying characteristics 
Vegetative stages 
GS 0.0 Plant emergence. Tip of coleoptile visible 
at soil surface. 
GS 1.0 Collar of 4th leaf visible. 
GS 2.0 Collar of 8th leaf visible. 
GS 3.0 Collar of 12th leaf visible. 
GS 4.0 Collar of 16th Içaf visible. Detasselin^ started 2 to 5 
days before. 
Reproductive stages 
GS 5.0 50% of plants have silks visible. 
GS 6.0 Ears have most kernels in "blister" stape. 
GS 7.0 Ears have most kernels in "soft douerh" staee. 
GS 8.0 In some ears kernels start "dentin?". 
GS 9.0 Kernels are fullv dented. 
GS 10.0 Black laver formation. Phvsiological maturitv 
reached, dry matter accumulation ceased. 
^Modified from Hanway (25). For the identification of transition phases 
between stages, the interval was arbitrarily divided in three sub-stages 
equally spaced in time, identified as 0.2, 0.5, and 0.8. 
days after mid-silk ), and the results were compared to an untreated control. 
Growth stage of the com plants was used to indicate crop phenology for 
various actions and to facilitate the evaluation and comparison of the data 
from different studies. In these experiments, the growth stages of the crop at 
critical dates throughout the duration of the trials was noted using a modified 
scale (Table 6) derived from that proposed by Hanway (32). The transitional 
phases between growth stages were identified by arbitrary subdivision of the 
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intervals into three equally spaced substages. 
The timing and frequency of the fungicide applications varied every year 
as a result of i) earliness of field availability and disease appearence, ii) 
detasseling and insecticide spraying which prevented access to the field, iii) 
rainy weather, and iv) the expansion of the number of treatments in terms of 
multiplicity of disease levels and control treatments. 
Treatment Applications 
Treatments were applied using a hand-held, four-row spray boom 
carried by two persons and powered by a motorized backpack sprayer (Model 
SHR-200E, ECHO Inc., Northbrook, IL). The boom length was adequate to 
allow the persons carrying the boom to walk outside the male border rows. 
Three nozzles (TXVS-3 conejet, Spraying Systems Co., Wheaton, IL) were 
used per row; one was directed over the row about 20 cm above the top of the 
plants, and the other two nozzles were on 61-cm plastic drops equidistant 
between the rows and directed downward toward the plants at an angle 
allowing for good coverage of all leaves in the plants. The equipment was 
calibrated for delivery of about 337 IVha of spray mixture at 414 kPa 
(equivalent to 60 psi), when the boom was moved through the field at about 1.6 
km per hour (23 sec/11 m long plot). 
Disease Assessment 
Disease assessments were related to clearly defined developmental 
growth stages (GS) of the plants in order for them to be of biological 
significance in the determination of disease-loss relationships. Prior to 
initiation of assessments, most fields were inspected at weekly intervals in 
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order to detect the first appearance of disease. Assessments were initiated 
once "readable" levels of disease intensity were detected and they were carried 
out usually at 12-14 day intervals (Appendix A). The timing and frequency of 
the assessments varied every year as a function of i) earliness of disease 
appearance, ii) earliness of initiation of the treatments, and iii) weather 
conditions. 
In 1990, the first assessment was performed using a subjective disease 
injury index (DI, in whichl-3=traces to light, 4-6=moderate, and 7-9= severe to 
very severe damage) to judge the general condition of the plots; the second 
(and last) assessment was carried out estimating the percentage of diseased 
ear leaf area injured to disease (% LAD) of six arbitrarily selected plants 
toward the center of the two middle rows of the plots. In 1991 three 
assessments were carried out by counting the number of lesions present on 
the laminae of five leaves of six arbitrarily selected plants toward the center of 
the two middle rows of the plot; a final assessment was made using the 
disease injury index (DI) described above. A similar sampUng pattern was 
employed in 1992, though disease intensity was assessed as the percentage of 
leaf area diseased (% LAD).. 
Harvest and Seed Conditioning 
Harvest 
Prior to harvest, the rows of each plot were measured to lengths of 7.0, 8.0 
or 10.0 m (0.5 m on each end of a row was omitted). The number of plants 
along the measured length were counted and the ears were hand harvested. 
The husked ears were weighed, and then taken to the facilities of the 
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cooperating seed companies (Pioneer Hi-Bred material to Johnston, lA; 
Lynks Seeds material to Marshalltown, lA; and ICI Seeds material to Coon 
Rapids, lA), where they were hot-air dried to less than 14% moisture content. 
Dried ears were weighed, machine-shelled, and the weight and moisture 
content of the kernels were determined. 
Kernel Sizing 
Size determinations on 1990 and 1992 Pioneer Hi-Bred trials' material 
were determined by the cooperating company by using a series of sieves on a 
mechanical shaker. For the 1991 Pioneer Hi-Bred and 1992 Lynks Seeds 
trials, size determinations were made by manual shaking at the ISU Seed 
Science Center. Size determinations on ICI Seeds material were carried out 
using a series of sieves on a mechanical shaker at their facility at Slater, lA. 
In all cases, a 600 g sample of grain from each plot was shaken for a 2.0 min 
(manual shaking) or 2.5 min (mechanical shaker) period through a series of 
round-hole screens to separate the following seed grades: large size (kernels 
that passed through a 26/64 in screen and were were retained by a 22/64 in 
screen), mid size (passed through 22/64 in and retained by 20/64 in screens), 
small size (passed through 20/64 in and retained by 16/64 in screens). The 
very small kernels that passed through the 16/64 in screen do not meet the 
size requirement for seed; they were weighed and recorded as were the other 
seed fractions. 
Number of Kernels per Unit Weight 
The three sized, saleable seed fractions from the 500 g samples of seed 
collected during 1990 from trials at Pioneer Hi-Bred fields were bulked and the 
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number of seeds in a 113.5 g mixed sample was counted with a mechanical 
photoelectric seed counter. Counts of the total number of seeds in a 113.5 g 
sample from each fraction of the 1991 and 1992 samples were carried out; a 
count was made of all available seeds in a fraction when fractions weighed 
less than 113.5 g. 
Data Handling and Statistical Analysis 
Concentration of Disease and Yield Data 
Mean disease values per plot were obtained by averaging the values over 
leaves and plants. Based on preliminary analysis of disease data, the actual 
values used in the statistical analysis of data obtained at Pioneer Hi-Bred 
fields were the mean of the two leaves immediately below the ear leaf, the ear 
leaf, and the leaf immediately above. In the 1992 trial at the ICI Seeds field, 
the values were the mean of disease severity shown by the ear leaf and the 
three leaves inmediately below the ear leaf. Percentage and lesion counts 
were normalized, when needed, by using the square root transformation (41). 
Plot yield data were corrected to 12% moisture to determine the weight (g) of 
500 seeds, yield (kg/ha) of saleable seed (different sizes and their total), and 
yield of saleable units (80,000-kemel bags of different seed sizes and their 
total). 
Statistical Analysis 
Disease and Yield Data 
The differences among treatments were determined by analysis of 
variance performed on the data using a randomized complete block design. 
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Means were compared using Dtmcan's New Multiple Range Test in those 
cases in which the treatment structure was minimal as it related to spray 
frequencies and timing, i. e., 1990, partially in 1991, and 1992 at Lynks. 
Means comparisons in some 1991 trials data and 1992 trials were made 
partitioning the sum of squares of treatments into meaningful, preplanned 
single-degree-of-freedom contrasts to answer specific questions relating to the 
effect of varying timing and frequency of application on disease severity and 
yield. 
Because treatments and disease severities varied from year to year, it 
was not considered acceptable to combine data across years and sites in a 
common analysis of variance. A combined data base was formed with data of 
trials conducted the same year in different locations as long as they showed 
injury due predominantly to the same disease. Bartlett's standard test for 
homogeneity of variance (41) of yield and disease data was performed to 
indicate the appropriateness of combining these data sets. Accordingly, data 
generated from Pioneer fields at Liscomb and Beaman in 1992, both of which 
were planted to inbred A and were also affected by common rust, were 
combined in a data set for use in the analysis of variance and regression 
models. 
The combined analysis across sites was performed using the format of a 
randomized complete block design fitted to the following general linear model 
(50): 
Yyk = u + Si + By + Tk + (S X T)ik + eyk; 
where 
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Yijk = observed value of the treatment in the 
replication of the i^^ site; 
u = population mean effect; 
Si = effect of the i^h site; 
By = effect of the jth replication in the i^^ site; 
Tk = effect of the treatment; and 
(SxT)ik = interaction between site and k^h treatment. 
The format of the analysis of variance and the F-ratios used to test the effects 
in the analysis are presented in Table 7. For the purpose of determination of 
appropriate F-ratios, replications and sites were considered to be random 
effects and treatments were considered fixed effects. 
Table 7. Analysis of variance format used for data combined over several 
sites 
Sources of variation Degrees of 
freedom 
Mean 
squares F-tests 
Sites s-1 Ml M1/M2 
Replications/sites s (r-1) M2 
Treatments t-1 M3 M3/M4 
Sites X treatments (s-l)(t-l) M4 M4/M5 
Pooled error s(r-l)(t-l) M5 
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Disease Seventy and Yield Relationships 
The effect of disease on yield was estimated by means of simple linear 
regression according to the following model: 
Y= Bo+lîiXi + Ei, 
where Y is yield (the dependent variable), Bo is the intercept (yield magnitude 
when disease is zero), Bi is the slope of the regression line (the regression 
coefficient, or change in yield per unit change in disease), Xi is disease 
intensity at a particular crop growth stage (the regressor or independent 
variable), and Ei is the unexplained variation (error or residual). Yield of 
saleable seed was used for developing critical point (CP) regression models of 
yield on disease. The values of seed sample weight and relevant yield 
variables of each trial were converted to a percentage of the maximum yield 
recorded on that particular trial. The mean of the highest yielding treatment 
was considered to be the best estimate of the attainable yield under the local 
growing conditions and used accordingly in the calculations. 
The validity of the critical point regression models was evaluated by F-
tests of the significance of the regression and by the magnitude of the (the 
coefficient of determination = proportion of the variation explained by the . 
model). The statistical analysis of the data were performed using the 
programs SuperANOVA and StatView SE+Graphics (Abacus Concepts, Inc., 
Berkeley, CA) in Macintosh Classic and Ilsi personal computers. 
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RESULTS 
Climate Characterization 
Yield losses of com caused by foliar pathogens are usually the result of 
leaf spot diseases that are typically of mid to late growing season occurrence 
(23). Weather conditions that prevail starting at and after mid-sUk (GS 5.0) 
will be most influential in the development of leaf diseases throughout the 
reproductive phase of the crop. Consequently, it was considered appropriate 
to describe weather during the growing seasons based on conditions that 
prevailed before and after silking. Thus, a first period characterized the 
weather conditions prevalent from seedling emergence to initiation of 
anthesis (vegetative stages); a second period was defined by weather 
conditions prevailing from silking to harvest, the reproductive stage of the 
crop (Table 8). 
Weather conditions varied markedly from one year to another. Very wet 
conditions and mild temperatures prevailed during the vegetative growth 
stages of the crop in the 1990 growing season; rather low precipitation and 
moderate temperatures occurred during the reproductive stages. In 1991 a 
severe drought afflicted Eastern Iowa throughout the growing season, 
accompanied with very high temperatures; three trials had to be discarded 
because of crop damage due to those extreme conditions. In 1992 moderately 
dry conditions and moderate temperatures prevailed in May and June; heavy 
rains started in July and created very wet conditions and moderate to 
unseasonally cool temperatures throughout the duration of the reproductive 
phase. Undoubtedly, these variable yearly weather patterns had a marked 
influence on the occurrence and intensity of diseases in seed fields from one 
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Table 8. Condensed record of general weather conditions that prevailed 
during the growing season in areas of Eastern Iowa where experiments 
were located. 1990-1991-1992^ 
Year 
Crop 
phased 
Temnerature 
(C) Rainfall 
Max Min mm 
Temperature 
(C) Rainfall 
Max Min mm 
1990 Vegetative 
Reproductive 
Toledo area 
24.7 13.0 567 
26.7 15.0 158 
Mt Pleasant area 
26.4 15.5 631 
29.3 16.5 97 
Total 725 728 
1991 Vegetative 
Reproductive 
Durant area 
28.4 16.3 171 
30.0 16.2 101 
Hedrickarea 
30.2 17.1 201 
32.2 17.1 205 
Total 289 406 
1992 Vegetative 
Reproductive 
Toledo area 
25.2 12.7 238 
23.3 11.9 285 
Marengo area 
26.1 14.0 281 
23.0 13.5 284 
Total 523 565 
^Source: Pioneer Hi-Bred local processing plants records. 
t*In 1990 the vegetative and reproductive phases lasted from 05-10 to 07-28, 
and from 07-29 to 09-26, respectively. In 1991 the dates were from 05-01 to 07-
09, and from 07-10 to 09-17. In 1992 the equivalent periods extended from 05-
11 to 07-19, and from 07-20 to 09-27. 
year to another, as well as in the development and productivity of the crops. 
Phytotoxicity Trials 
In 1992 some of the plots of two trials located in fields of Pioneer Hi-Bred 
planted to a common genotype (inbred C) were harvested for the sole purpose 
of determining if the fungicides used in these studies may have had an 
undesirable phytotoxic effect that affected yield negatively; copper thallate was 
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not included among the treatments. Those experiments were exact replicates 
of the trials established in other fields of the same cooperator and they had 
been sprayed on 06-24 (GS 2.5), 07-13 (GS 4.0), and 07-29 (GS 5.2); a final spray 
planned for GS 6.5 (08-16) was omitted because the fields were still essentially 
disease-free that late in the season. Three consecutive sprays with mancozeb 
(at 1.26 kg a.i./ha) and chlorothalonil (at 1.69 kg a.i./ha) were applied; 
propiconazole, at 125 g a.i./ha, was sprayed either once (at GS 2.5), or twice 
(at GS 2.5 and again at GS 4.0). All treatments were compared to an 
untreated control. 
The F-test of yield data of each location did not show differences (p= 0.05) 
among treatments for yield of saleable seed (bags or kg/ha) (Table 9). 
Actually, there was a trend for the untreated control to show slightly lower 
yields than some of the treatments in both locations, suggestive that late 
disease outbreaks may have had a light depressive effect on yield of the 
untreated plots. In view of the lack of disease records at either sites, it was 
judged more appropriate to perform individual analysis of variance for each 
location rather than a combined analysis over sites. Apparently, under the 
conditions that the trials were conducted, none of the fungicides caused 
phytotoxicity resulting in yield depression. 
1990 Trials 
Mt Union and Packwood Sites 
Disease Development 
The sprays were initiated at GS 5.0 (mid-silk), which was two weeks 
earlier than in the other two sites and immediately after the detasseling had 
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Table 9. Analysis of variance and mean yield of saleable seed obtained at 
two sites (Liscomb and Keystone) in experiments for determination of 
potential phytotoxicity to seed com by fungicides sprayed for control of 
fungal leaf spot diseases. Iowa, 1992 
Yield of seed grade kernels 
kg/ha bags/ha kg/ha bags/ha 
ANOVA 
Sources df MS MS MS MS 
Replications 3 124,487 191.8 12,113 33.6 
Treatments 4 34,930NS 63.8NS 6,663NS 22.3NS 
Error 11 30,507 59.0 34,153 70.4 
CV (%) 4 4 5 5 
Treatments Means 
Propiconazole once (at 4,204 197 3,640 168 
125 g a.i./ha) 
Propiconazole twice (at 4,113 193 3,711 171 
125 g a.i./ha) 
Chlorothalonil thrice 4,289 200 3,730 171 
(at 1.69 kg a.i./ha) 
Mancozeb thrice (at 4,261 201 3,651 166 
1.26 kg a.i./ha) 
Untreated 4,072 193 3,651 166 
NS Non-significant difference, with tabular F= 3.36 (at p= 0.05). 
been completed. Stewart's disease was causing light injury at both sites; no 
fungal leaf diseases were measurable at either location at this time. 
Coinciding with the second and final spray two weeks later (15 Aug, GS 6.0= 
blistering), northern com leaf blight was first detected at both sites and an 
assessment of severity of disease injury was carried out using a subjective 
disease damage index. The analysis of the data of both sites did not show 
significant differences among treatments (Tables 10 and 11); mean disease 
indexes were all low, ranging from 1.7 to 2.9 at Packwood and from 1.9 to 2.6 
at Mt Union. Apparently, it had been too short a time (14 days) for the early 
initiation spray programs to show any effect. 
Table 10. Analysis of variance and means for yield of saleable seed and northern corn leaf blight (NCLB) 
injury of fimgicide-treated seed corn plots in a commercial field at Packwood, Iowa. 1990 
500-seed Yield (kg/ha) NCLB 
weight Large Medium Small All Yield @GS 6.0 @GS 7.2 
(g) size size size sizes (bags/ha) DI %LAD 
ANOVA 
Sources df MS MS MS MS MS MS MS MS 
Replications 3 11.7 3,766 7,803 145,755 220,417 810 46 573 
Treatments 6 43.4* 65,498** 8,505NS 31,243NS 53,595NS 74NS 35NS 416** 
Error 18 14.1 3,554 3,840 31,037 45,588 179 36 44 
CV(%) 4 44 22 9 9 9 29 25 
Treatments^ Means^ 
Chlorothalonil twice 98a 181a 335 1,971 2,488 158 2.1 21ab 
Propiconazole twice 97ab 173ab 330 1,904 2,407 154 1.9 14a 
Propiconazole once 94abc 150ab 302 1,770 2,223 148 2.1 25b 
Copper thallate once 93abc 91ab 241 1,900 2,232 150 2.4 37 c 
Copper thallate twice 92 be 109ab 227 1,855 2,192 149 1.7 22ab 
Chlorothalonil once 92 c 81 b 234 2,002 2,318 159 2.2 24ab 
Untreated 90 c 158ab 256 1,780 2,193 152 2.6 43 c 
NS Non-significant difference. 
* Significant difference (p= 0.05), with tabular F= 2.66. 
** Highly significant difference (p= 0.01), with tabular F= 4.01. 
1 Chlorothalonil at 2.53 kg a.i./ha, propiconazole at 125 g a.i./ha, and copper thallate at 2.06 kg a.i./ha. 
^Means followed by the same letters are not statistically different according to Duncan's New Multiple 
Range Test (p= 0.05). 
Table 11. Analysis of variance and means for yield of saleable seed and northern corn leaf blight injury 
(NCLB) of fungicide-treated seed com plots in a commercial field at Mt Union, Iowa. 1990 
500-seed Yield (kg/ha) NCLB 
weight Large Medium Small All Yield @GS 6.0 
(g) size size size sizes (bags/ha) DI 
Anova 
Sources df MS MS MS MS MS MS MS 
Replications 3 20.0 42^90 56^17 8,371 133,835 295 77 
Treatments 6 41.6NS 5,058NS 14,503NS 11,832NS 32,108NS 63NS 35NS 
Error 18 37.8 7,548 4,429 19,684 20,203 54 71 
CV(%) 5 43 13 17 7 7 37 
Treatments! Means^ 
Chlorothalonil twice 119 261 1,072 802 2,135a 112 2.5 
Chlorothalonil once 115 225 929 827 l,981ab 107 2.6 
Propiconazole twice 115 204 961 899 2,064ab 112 2.5 
Copper thallate once 115 213 904 750 1,867 b 101 2.5 
Copper thallate twice 112 162 935 855 l,952ab 100 1.9 
Untreated 112 174 9%) 898 2,003ab 112 2.0 
Propiconazole once 109 170 881 867 l,920ab 110 2.1 
NS Non-significant difference. 
* Significant difference (p= 0.05), with tabular F= 2.66. 
1 Chlorothalonil at 2.53 kg a.i./ha, propiconazole at 125 g a.i./ha, and copper thallate at 2.06 kg a.i./ha. 
2 Means followed by the same letters are not statistically different according to Duncan's New Multiple 
Range Test (p= 0.05). 
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The predominant fungal disease causing injury at Packwood on 1 Sept 
(GS 7.2= 32 days after mid-silk) was northern com leaf blight, though 
occasionally lesions caused by gray leaf spot were also found. Stewart's 
disease was causing moderate damage. At Mt. Union the crop had been 
severely injured by hail and Stewart's disease, preventing an assessment of 
fungal leaf diseases because of the deteriorated condition of the leaves. The 
analysis of data obtained from Packwood (TablelO) showed highly significant 
differences (p= 0.01) for severity of northern com leaf blight injury among 
treatments. Two sprays of propiconazole provided lowest disease severity, and 
it was significantly less than one delayed spray of the same product (14% vg 
25% ) (Table 10). Plots with two spray applications of chlorothalonil had the 
second lowest disease severity, though not significantly different to one 
delayed spray of the same product (21% and 24%, respectively) (Table 10). 
Northern corn leaf blight severity was significantly lower with two sprays of 
copper thallate than with one delayed spray (22% and 37% , respectively) 
(Table 10). The untreated plots had a significantly greater disease (43%) 
severity than all treated plots, except for plots sprayed once with copper 
thallate. 
Yield and Disease-Yield Relationships 
Packwood Site 
Harvest was carried out with kernels at about 32% moisture content. The 
spray treatments provided a significant increase in 500 seed weights (Table 
10). Two applications of chlorothalonil or propiconazole resulted in the 
heaviest kemels, and the untreated control had the lightest kernels. The seed 
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size for all treatments was primarily small seeds which comprised an 
average 82.2% of the saleable seed weight. The two applications of 
chlorothalonil or propiconazole increased the yield of medimn and large size 
seed to 20.8% of the yield and significantly greater yields of large seeds than 
were produced from unsprayed plots (Table 10). Copper thallate and single 
applications of chlorothalonil and propiconazole, had insignificant effects 
although the ranking pattern of the mean values for seed weight and yield 
were usually suggestive of a trend in agreement with the other fungicidal 
treatments. The exception to this was the treatment with a single spray of 
chlorothalonil, which had a proportionately larger number of small seeds and 
showed some of the highest yields in terms of total saleable seed. 
Simple linear correlation analyses of yield variables with disease 
assessments produced very low and nearly always non-significant r values, 
though usually they were expectedly negative (Table 12). Seed of small size 
made the most significant contribution to yield as kg/ha or as bags of seed/ha 
(r= 0.88 and 0.93, respectively, at p=0.01), followed by medium size seed (r=0 
.76 and 0.52, respectively). Weight of 500 seeds was highly correlated to total 
yield of different grades in kg/ha (r= 0.52, at p= 0.01), but not to total bags yield 
(r= 0.13, Table 12). 
Mt Union Site 
Harvest was carried out with kernels at 56% moisture content. The F-
test (Table 11) showed differences among treatments only in yield of medium 
size seed. Mean yields at this site were noticeably lower than at Packwood, 
likely an effect of the severe drought, hail and Stewart's disease. There was a 
trend for plots sprayed twice with chlorothalonil or propiconazole to have 
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Table 12. Correlation coefficients calculated for disease and yield of 
saleable seed data obtained in fungicide-treated seed corn plots at several 
sites during Summer 1990. Iowa 
500- Yield of different seed 
seed grades 
Disease and weight Large Mid Small Total seed yield 
yield (g) kg/ha kg/ha kg/ha kg/ha bags/ha 
SiteiPackwood 
NCLB@GS6.0 -0.12NS 0.15NS -0.08NS -0.14NS -0.09NS -0.04NS 
Seed Yield 
kg/ha 0.53** 0.34NS 0.76** 0.88** - 0.91** 
bags/ha 0.13NS 0.08NS 0.52** 0.93** 0.91** 
Site; Mt Union 
NCLB@GS7.2 O.llNS 0.04NS 0.02NS -0.29NS -0.16NS -0.04NS 
Seed Yield 
kg/ha 0.50** 0.63** 0.88** O.OINS - 0.81** 
bags/ha -O.IONS 0.35NS 0.57** 0.31NS 0.81** 
Site; Green Mountain 
CR @GS 8.5 O.llNS -0.16NS -O.IONS O.llNS -O.OINS -0.05NS 
Seed Yield 
kg/ha -0.13NS 0.38* 0.88** 0.82** - 0.93** 
bags/ha -0.49** 0.25NS 0.79** 0.82** 0.93** 
Site; Fremont 
GLS @GS 7.0 -0.36NS -0.20NS -0.41* -0.29NS -0.36NS -0.27NS 
Seed Yield 
kg/ha 0.72** 0.70** 0.85** 0.92** - 0.92** 
bags/ha 0.38* 0.53** 0.74** 0.89** 0.92** 
NS Non-significant r coefficient. 
* r coefficient significant at p= 0.05 (tabular r= 0.37, with 26 df). 
** r coefficient significant at p= 0.01 (tabular r= 0.48, with 26 df). 
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heavier kernels and greater yield of large size, medium size, and total seed 
(kg/ha) than the untreated plots. The small seeds comprised 42.4% of the total 
seed yield at the Mt. Union site, and 47.5% of the yield was in the medium size 
range. The drought and early development of Stewart's disease probably 
contributed to a low seed set and therefore larger seeds resulted. 
Correlation coefficients between disease index and yield variables were 
never significant, nor did they show any particular trend (Table 12). Seed of 
medium size contributed the most to yield either as kg/ha or as seed bags/ha 
(r=0.88 and 0.57, respectively, at p=0.01). Significant positive r values 
occurred between 500-seed weight and total weight of all seed grades (r=0 .50); 
the relationship was not significant with bags of seed (r= -0.10). 
Green Mountain and Fremont Sites 
Disease Development 
At these sites sprays were initiated 13 days after mid-silk (GS 6.0= 
blistering), and the second -final- spray was applied 13 days later (GS 7.0). 
Green Mountain Site 
The first disease assessement was performed at GS 6.8 (11 days after first 
spray and 22 days after mid-silk) using a subjective disease damage index 
(DI). Common rust was the predominant disease assessed, although some 
gray leaf spot lesions were present. The F-test for differences in rust severity 
among treatments was not significant (Table 13); disease indices ranged from 
2.7 to 3.7. A second assessment performed on 12 Sept (GS 8.5: mid dent stage) 
estimating the percentage of ear leaf affected by rust also did not show 
differences among treatments (Table 13). Disease severity ranged between 
Table 13. Analysis of variance and means for yield of saleable seed and common rust (CR) injury of 
fungicide-treated seed corn plots in a comercial field at Green Mountain, Iowa. 1990 
500-seed Yield (kg/ha) CR 
weight Large Medium Small All Yield @GS 7.0 @GS 8.5 
(g) size size size sizes (bags/ha) DI %LAD 
ANOVA 
Sources df MS MS MS MS MS MS MS MS 
Replications 3 22.9 17,864 87,328 91,456 477,274 1217 0.84 10.0 
Treatments 6 41.1NS 2,441NS 5,515NS 27,700NS 35,420NS 93NS 0.37NS 64.6NS 
Error 18 56.7 3,653 9,983 34,780 50,420 162 0.33 26.7 
CV(%) 6 25 11 25 12 14 17 40 
Treatments^ Means^ 
Propiconazole once 136 234 961 785 1,980 91 3.0 16 
Propiconazole twice 136 285 941 701 1,928 89 3.2 6 
Untreated 135 267 • 872 661 1,801 84 3.2 13 
Chlorothalonil twice 133 2» 884 821 1,933 91 3.7 10 
Copper thallate twice 133 230 912 658 1,800 84 2.7 12 
Copper thallate once 130 217 941 874 2,032 89 3.4 14 
Chlorothalonil once 128 231 870 712 1,813 91 3.5 19 
NS Non-significant difference (tabular F= 2.66 at p= 0.05). 
IChlorothalonil at 2.53 kg a.i./ha, propiconazole at 125 g a.i./ha, and copper thallate at 2,06 kg a.i./ha. 
^Means followed by the same letters are not statistically different according to Duncan's New Multiple 
Range Test (p= 0.05). 
Table 14. Analysis of variance and means for yield of saleable seed and gray leaf spot (GLS) injury of 
ftmgicide-treated seed corn plots in a commercial field at Fremont, Iowa. 1990 
500-seed Yield (kg/ha) GLS 
weight Large Medium Small All Yield @GS 6.8 
(g) size size size sizes (bags/ha) DI 
ANOVA 
Sources df MS MS MS MS MS MS MS 
Replications 3 27.3 1,439 3,200 12,692 29,928 62.3 1.17 
Treatments 6 18.9NS 3,230NS 8,017NS 91,648** 176,093** 402.8** 0.81* 
Error 18 13.9 2,758 4,429 12,894 35,761 78.9 0.24 
CV (%) 4 21 5 7 5 2 
Treatments! Means^ 
Chlorothalonil twice 102 162 382 2,532a 3,076a 188a 3.5a 
Propiconazole twice 100 156 335 2,267 b 2,758 be 173 b 4.0ab 
Propiconazole once 99 176 357 2,243b 2,776 b 176ab 4.2abc 
Chlorothalonil once 98 135 297 2,263 b 2,694 be 172 b 4.2abc 
Copper thallate once 98 131 274 2,048 c 2,452 c 152 c 4.6 be 
Copper thallate twice 97 108 281 2,132 be 2,521 be 162 be 4.0ab 
Untreated 95 100 269 2,189 be 2,558 be 168 be 4.9 e 
NS Non-significant difference. 
* Significant difference (p= 0.05), with tabular F= 2.66. 
** Highly significant difference (p= 0.01), with tabular F= 4.01. 
IChlorothalonil at 2.53 kg a.i./ha, propiconazole at 125 g a.i./ha, and copper thallate at 2.06 kg a.i./ha. 
^Means followed by the same letters are not statistically different according to Duncan's New Multiple 
Range Test (p= 0.05). 
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6.2% (propiconazole twice) to 18.7% (chlorothalonil once). 
Fremont Site 
A single disease assessment was performed on 25 August (GS 6.8, 23 
days after mid-silk). Severe confounding leaf injury was caused by Stewart's 
disease and this prevented additional assessments. Gray leaf spot was the 
predominant disease and the P-test for disease injury index showed 
significant differences among treatments (Table 14). Disease injury indices 
ranged from a 3.5 (chlorothalonil sprayed twice) to a 4.9 (untreated control). 
Propiconazole and copper thallate sprayed twice showed similarly low disease 
index (4.0). Treatments based on two sprays of any of the products showed a 
trend toward lower disease ratings than programs with one spray of the same 
product. 
Yield and Disease-Yield Relationships 
Green Mountain Site 
The F-tests for differences among treatments for yield variables were not 
significant (p=0.05) (Table 13). The small seeds comprised 39.2% of the seed 
yield (kg/ha) and the medium size accounted for 48.0% of the yield. The total 
harvested yield was lower than the prior two sites and the drought appeared 
to affect seed set, resulting in larger seeds in general than in the other two 
sites. No correlation was observed between common rust severity at GS 8.5 
and any of the yield variables evaluated (Table 12). In general, medium and 
small size seed contributed most to seed yield per hectare. 
49 
Fremont Site 
The trial was harvested when kernels were at 43% moisture content. 
The F-tests showed highly significant differences among treatments for yield 
of small size seed, total weight of seed, and bags of seed yield/ha (Table 14). 
Chlorothalonil and propiconazole, sprayed once or twice resulted in greater 
yields than when copper thallate was sprayed or no fungicides were applied. 
There was a tendency for chlorothalonil and propiconazole treatments to 
increase kernel size and weight, and with chlorothalonil for a significant 
increase in the yield of small seeds. Copper thallate with one or two sprays 
resulted in lower yields, even less than the untreated control, which may 
indicate a yield depression because of phytotoxicity. Seed produced at the 
Fremont site had a preponderance of small size seeds (83.2% of the total yield 
in kg/ha) similar to seed production at Packwood, which was about 25 km east 
of the Fremont field. Both fields were planted to inbred B, and the distribution 
of yield of different sizes appeared to reflect an intrinsic characteristic of the 
inbred. 
A significant negative correlation occurred between gray leaf spot 
disease index at GS 7.0 and yield of medium size seed (r= -0.41, Table 12). 
Negative r values very close to the significance level were calculated for 
comparisons between DI and total seed weight per hectare and the weight of 
500 seeds (r= -0.36). Small size seed was the grade contributing the most to 
seed yield, as reflected by the highly significant r values (0.92 and 0,89, 
respectively, at p= 0.01) (Table 12); large size seed contributed the least. Total 
seed yields per unit area and 500-seed weights showed significant positive 
correlations. Regression models of the above mentioned yield variables on 
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disease only explained a very small part of the variation in yield, with 
coefficients of determination ranging between 0.071 and 0.172 (Table 15). The 
only yield variable showing significant relationship with disease was the 
weight of medium size seed. However the effect of disease on total yield was 
minor and the R2 was very low (0.172). Thus, random uncontrolled variation 
accounted for a greater amount of the total variation. 
Table 15. Regression coefficients, coefficients of determination, and 
significance tests for critical point models of seed weight and saleable seed 
yield on gray leaf spot disease injury index at GS 7.0 of fungicide-treated 
seed com plots in a Pioneer Hi-Bred commercial field. Fremont, Iowa. 
Summer 1990 
Coefficients F-test Mean squares 
R2 Regression Residual 
500- seed weight (g) -2.14 .131 58.7NS 14.9 
Mid size seed weight (kg/ha) -43.11 .172 23624.3* 4376.7 
All sizes seed weight (kg/ha) 133.03 .126 225016.2NS 60193.6 
Saleable seed bags/ha -4.75 .071 287.3NS 143.7 
NS Non-significant regression. 
* Significant regression ( p= 0.05), with tabular F= 4.22 (1, 26 df). 
1991 Trials 
Disease Development 
At the time of selection of the experimental sites (28 June), lesions of gray 
leaf spot and/or northern leaf spot were found on the lower leaves (fourth leaf 
below the ear leaf and those below it) in many plants in all four fields 
originally selected. The severe drought (Table 8) greatly restricted further 
disease development, yet gray leaf spot developed at two sites. Countable 
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numbers of gray leaf spot lesions were observed at the Fremont site on 16 July 
(GS 5.2) in the first, second and third leaf below the ear leaf of untreated 
plants (Table 16); lesions were also present on lower leaves, although those 
leaves were already showing necrosis and premature senescence caused by 
Table 16. Description of gross spatial and temporal progression of gray 
leaf spot lesion counts within the leaf canopy of untreated com plants in a 
commercial Pioneer Hi-Bred seed field. Fremont, Iowa. 1991® 
Growth stages (dates) 
GS5.2 GS6.0 GS7.2 
Leaf position (07-16) (07-31) (08-15) 
2nd above ear 00 00 36 
1st above ear 00 11 66 
Ear leaf 00 16 103 
1st below 1 27 129 
2nd below 2 29 155 
3rd below 7 34 dead^ 
^Lesion counts are average of four replications and six plants assessed 
per replication. 
^Drought-induced senescence contributed to early death. 
water stress. At the same site on 31 July (GS 6.0), gray leaf spot lesions were 
also found on the ear leaf and the first leaf above the ear leaf, although lesion 
counts were very low and did not involve much leaf tissue (Table 16); an 
assessment on 15 August (GS 7.2= 33 days after mid-silk) showed that lesions 
were present on the second leaf above the ear leaf. During a final assessment 
of gray leaf spot on 27 Aug (GS 8.2) the lesion numbers were too numerous for 
counting, and therefore a disease severity index assessment was made at 
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Fremont (Table 17). 
At the Bennett site, countable numbers of lesions of gray leaf spot were 
first found on 31 July (GS 6.0) (Table 19). The extreme severity of the drought 
in Eastern Iowa where this experiment was located (Table 8) resulted in very 
slight gray leaf spot disease development compared to Fremont, and the 
disease never reached high levels (Table 19). Lesion counts recorded 
at three dates were considerably lower than at Fremont. 
Disease lesions were observed in the lower leaves of the plants at the 
other two experimental sites at the time of site selection (28 June), yet the 
diseases did not progress adequately to allow for disease assessments. The 
initial lesions were primarily northern leaf spot at a field near Bennett (Cedar 
County) and gray leaf spot at a field near Cedar (Mahaska County). These 
sites were never harvested for yield, as the fields where the plots were located 
were severely damaged by water stress. 
Disease Control 
Sprays were initiated at GS 4.0 (10-11 days before mid-silk) and the first 
gray leaf spot assessment at Fremont 14 days later (GS 5.2= 75% silking) 
showed no difference among treatments (Table 18). The second sprays were 
applied at GS 5.5 (seven days after mid-silk, and 18 and 36 days since the 
second and first sprays, respectively). Highly significant differences (p= 0.01) 
among treatments were found for gray leaf spot severity at GS 6.0, GS 7.2, and 
GS 8.2 at both sites (Tables 17,18,19 and 20). The untreated control plots, and 
chlorothalonil-treated plots where the first spray was delayed until GS 5.5, 
and plots sprayed with copper thallate consistently showed (in decreasing 
order) the highest disease severity at both locations. Conversely, plots 
Table 17. Analysis of variance and means for gray leaf spot (GLS) injury at four crop growth stages of 
fungicide-treated seed corn plots in a commercial field at Fremont, Iowa, 1991 
Growth stages 
GS 5.2 GS 6.0 GS 7.2 GS 8.2 
ANOVA 
Sources df MS MS MS MS 
Replications 3 0.17 0.36 0.17 1.65 
Treatments 7 0.02NS 0.71** 47.66** 8.69** 
Error 21 0.02 0.19 0.41 0.62 
CV (%) 15 18 12 13 
Mean disease values^ 
Treatments^ "VX + .5 Count ^ + .5 Count "JX + .5 Count DI 
Chlorothalonil twice (1.69 kg a.i./ha), 0.98 0,4 1.5 1.7 2.9 8.4 5.4 
initiated @GS 4.0 
Chlorothalonil twice (2.53 kg a.i./ha), 1.00 1.0 1.5 1.8 2.5 5.8 5.4 
initiated @GS 4.0 
Chlorothalonil thrice (1.69 kg a.i./ha), 1.00 1.0 1.6 2.1 2.7 6.9 3.7 
initiated @GS 4.0 
Propiconazole twice (initiated @GS 4.0)+ 0.92 0.3 2.1 3.8 3.4 11.7 5.4 
chlorothalonil once (1.69 kg a.i./ha) 
@GS 6.8 
Propiconazole twice, initiated @GS 4.0 0.82 0.2 1.3 1.3 3.5 12.0 6.0 
Copper thallate thrice, initiated @GS 4.0 0.88 0.3 3.0 8.7 7.0 49.0 6.7 
Chlorothalonil twice (1.69 kg a.iVha), 0.97 0.4 4.8 22.4 10.7 113.0 7.6 
initiated @GS 5.5. 
Untreated control 0.90 0.3 4.1 16.2 10.3 106.0 8.4 
NS Non-significant difference. 
** Highly significant difference (p= 0.01), with F tabular= 3.65. 
^Propiconazole at 125 g a.i./ha and copper thallate at 2.06 kg a.i./ha. Chlorothalonil as indicated. 
^Counts are average per leaf for first leaf above the ear leaf, ear leaf, and two leaves below the ear leaf. 
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sprayed with chlorothalonil or propiconazole at GS 4.0 and then either once or 
twice thereafter exhibited the lowest disease severity (Table 17 and 19). 
Means contrasts applied to the gray leaf spot severity data obtained from 
the Fremont site (Table 18) showed that two sprays of chlorothalonil (1.69 kg 
a.i./ha) initiated at GS 4.0 resulted in significantly lower disease severity than 
two sprays of the same product (also 1.69 kg a.i./ha) initiated at GS 5.5, and 
Table 18. Preplanned means comparisons of fungicidal treatments 
performance in control of gray leaf spot at three crop growth stages of 
fungicide-treated seed com plots in a Pioneer Hi-Bred commercial field. 
Fremont, Iowa. 1991 
Contrast mean square 
Preplanned means comparisons 
@GS 6.0 ©GS 7.2 @GS 8.2 
MS MS MS 
0.03NS 0.13NS 5.28** 
21.81** 118.38** 10.12** 
O.OINS 0.48NS <0.001 
13.75** 107.89** 18.00** 
4.81** 33.17** 3.78* 
0.04NS 0.51NS 0.78NS 
1.13* < O.OOINS 0.78NS 
Chlorothalonil treatments 
Twice (1.69 kg a. i./ha) initiated @GS 4.0 vg 
thrice (1.69 kg a. i./ha) initiated @GS 
4.0 
Twice (1.69 kg a. i./ha) initiated @GS 4.0 vg 
twice (1.69 kg a. i./ha) initiated @GS 5.5 
Twice (1.69 kg a. i./ha) initiated @GS 4.0 is 
twice (2.53 kg a. i./ha) initiated @GS 4.0 
Twice (1.69 kg a. i./ha) initiated @GS 4.0 vg 
untreated control 
Twice (1.69 kg a. i./ha) initiated @GS 4.0 vg 
copper thallate thrice initiated @GS 4.0 
Twice (1.69 kg a. i./ha) initiated @GS 4.0 vg 
propiconazole twice initiated @GS 4.0 
Other products 
Propiconazole twice initiated @GS 4.0 vs 
propiconazole twice (initiated ®GS 4.0) 
followed by chlorothalonil once @GS 6.8 
NS Non-significant difference when compared to error mean squares of 
0.19, 0.41, and 0.62 for disease at GS 6.0, 7.2, and 8.2, respectively. 
* Significant differences at p= 0.05 (tabular F with 1, 21 df= 4.32). 
** Highly significant difference at p= 0.01 (Tabular F with 1, 21 df= 8.02). 
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than copper thallate and the untreated control. Disease control obtained with 
two chlorothalonil sprays (1.69 kg a.i./ha) initiated at GS 4.0 was also not 
different than the control resulting from two chlorothalonil sprays (initiated 
also at GS 4.0) at a higher rate (2.53 kg a.i./ha), nor than three chlorothalonil 
sprays (1.69 kg a.i./ha) initiated at GS 4.0. Likewise, it was not different than 
two sprays of propiconazole initiated at GS 4,0. 
Although the amount of disease development at the Bennett site was 
agronomically insignificant, the fungicidal treatments resulted in less 
disease (Table 19) than the untreated control. Means contrasts showed that 
two sprays of chlorothalonil (1.69 kg a.i./ha) initiated at GS 4.0 resulted in 
significantly lower disease severity than two sprays of the same product 
initiated at GS 5.5 and than the untreated control. The application of two 
chlorothalonil sprays (1.69 kg a.i./ha) initiated at GS 4.0 resulted in disease 
severity levels that were not significantly different than those resulting from 
the application of two chlorothalonil sprays with the same timing but applied 
at the highest rate (2.53 kg a.i./ha), nor than three sprays of of the same 
product. Likewise, it was not different than two sprays of propiconazole 
initiated at GS 4.0 and usually it was not different than copper thallate. It 
should be pointed out that the second leaf below the ear leaf, which had shown 
at GS 7.2 the highest counts for GLS lesion number, had to be deleted at GS 8.2 
because of early drought-induced senescence. Therefore, the average lesion 
count per leaf in the last assessment date (GS 8.2) was lower than the counts 
for the prior date. 
Table 19. Analysis of variance and means for gray leaf spot (GLS) lesion counts at three crop growth 
stages of fungicide-treated seed com plots in a commercial field at Bennett, Iowa. 1991 
Growth stages 
GS 6.0 GS 7.2 GS 8.2 
ANOVA 
Sources df MS MS MS 
Replications 3 0.04 0.06 0.12 
Treatments 7 0.53** 1.25** 1.33** 
Error 21 0.08 0.13 0.13 
GV (%) 25 26 30 
Mean disease values^ 
Tr^ptnieiîtS^ VX+.5 Count •\/X + .5 Count VX+.5 Count 
Chlorothalonil twice (1.69 kg a.i./ha). 0.85 0.2 0.91 0.3 0.95 0.4 
initiated @GS 4.0 
Chlorothalonil twice (2.53 kg a.i./ha). 0.96 0.4 0.90 0.3 0.91 0.3 
initiated @GS 4.0 
Chlorothalonil thrice (1.69 kg a.i./ha). 0.79 0.1 1.02 0.5 0.66 0.1 
initiated ©GS 4.0 
Propiconazole twice (initiated @GS 4.0)+ 0.90 0.3 0.90 0.3 0.66 0.1 
chlorothalonil once (1.69 kg a.i./ha) 
@GS 6.8 
Propiconazole twice, initiated @GS 4.0 0.83 0.2 1.16 0.8 0.96 0.4 
Copper thallate thrice, initiated @GS 4.0 1.23 1.0 1.85 2.9 1.35 1.3 
Chlorothalonil twice (1.69 kg a.i./ha). 1.65 2.2 2.11 3.9 1.60 2.1 
initiated ©GS 5.5. 
Untreated control 1.67 2.3 2.12 3.9 2.37 5.1 
** Highly significant difference (p= 0.01), with F tabular= 3.65. 
^Propiconazole at 125 g a.i./ha and copper thallate at 2.06 kg a.i./ha; chlorothalonil as indicated. 
^Counts at GS 6.0 and GS 7.2 are average per leaf for ear leaf and two leaves below the ear leaf; counts at 
GS 8.2 are average per leaf for ear leaf and one leaf below the ear leaf. 
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Table 20. Preplanned means comparisons of fungicidal treatments 
performance in control of gray leaf spot at three crop growth stages of 
fungicide-treated seed com plots in a commercial field. Bennett, Iowa. 
1991 
Contrast mean square 
Preplanned means comparisons 
@GS 6.0 @GS 7.2 @GS 8.2 
MS MS MS 
0.007NS 0.025NS 0.168NS 
1.286** 2.875** 0.848* 
0.023NS < O.OOINS 0.003NS 
1.342** 2.934** 4.023* 
0.279NS 1.765** 0.317NS 
O.OOINS 0.120NS <0.001NS 
0.008NS 0.152NS 0.179NS 
Chlorothalonil treatments 
Twice (1.69 kg a. i./ha) initiated @GS 4.0 vs 
thrice (1.69 kg a. i./ha) initiated @GS 
4.0 
Twice (1.69 kg a. i./ha) initiated @GS 4.0 vg 
twice (1.69 kg a, i./ha) initiated ®GS 5.5 
Twice (1.69 kg a. i./ha) initiated @GS 4.0 vS 
twice (2.53 kg a. i./ha) initiated @GS 4.0 
Twice (1.69 kg a. i./ha) initiated @GS 4.0 vg 
untreated control 
Twice (1.69 kg a. i./ha) initiated @GS 4.0 vg 
copper thallate thrice initiated @GS 4.0 
Twice (1.69 kg a. i./ha) initiated @GS 4.0 vg 
propiconazole twice initiated @GS 4.0 
Other products 
Propiconazole twice initiated @GS 4.0 vs 
propiconazole twice (initiated @GS 4.0) 
followed by chlorothalonil once @GS 6.8 
NS Non-significant difference when compared to error mean squares of 
0.076, 0.133, and 0.126 for disease at GS 6.0, 7.2, and 8.2, respectively. 
* Significant differences at p= 0.05 (tabular F with 1, 21 df= 4.32). 
** Highly significant difference at p= 0.01 (Tabular F with 1, 21 df= 8.02). 
Yield and Disease-Yield Belationships 
Only yield data from the experiment at Fremont is presented, as the plots 
at the Bennett site were severely injured by the drought, and therefore disease 
levels were very low, and the yield differences among treatments were not 
significant. The plots at Fremont were harvested with kernels at 33% 
moisture content. All fungicidal treatments resulted in a significant (p= 0.05) 
increase in seed weight and size (Table 21). Weights of 500-seed samples 
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ranged from 178 g (two propiconazole applications followed by one spray of 
chlorothalonil) to 163 g (untreated control). 
The F-tests for yield of seed bags per hectare (either total bags/ha or by 
different seed sizes) were not significant (Table 21), probably because of the 
high variation resulting from soil moisture deficits. Plots treated with two 
sprays of chlorothalonil (1.69 kg a.i./ha) initiated at GS 4.0, or with two 
propiconazole sprays followed by a chlorothalonil spray, tended to produce 
yields of saleable seed above the average of the other fiingicidal treatments (90 
and 82 bags of saleable seed/ha, respectively, vg 69.7 mean bags/ha) (Table 21). 
The percentage of saleable seed in the small sized seed decreased from 38% to 
30-35% of the saleable seed with the best fungicide treatments. Thus, there 
was a general shift towards larger seed sizes with the fungicide sprays, but 
the resulting increase in number of bags/ha was not statistically significant. 
A comparison of the yield data and disease severities associated with the 
treatments revealed instances where very low lesion counts and 
correspondingly high 500-seed sample weights resulted in unexpectedly low 
yields of saleable seed per hectare (Tables 17 and 21). That pattern was 
observed for treatments involving chlorothalonil sprayed twice at 1.5X (2.53 kg 
a.i./ha) the recommended dosage or sprayed thrice at 1.69 kg a.i./ha (both 
treatments equivalent to a season total of 5.06 kg a.i./ha). Three applications 
of copper thallate did not result in an increase in yield of saleable seed. 
Because of the possible phytotoxic effect of some of those treatments, a 
separate analysis of the yield data was performed on the data of the other 
treatments, which had yields in agreement with recorded disease severity 
levels (Tables 22 and 23). 
Table 21. Analysis of variance and means for seed weight and yield of saleable seed of fungicide-treated 
seed com plots in a commercial field at Fremont, Iowa. 1991 
500-
seed Yield of saleable seed (bags/ha) 
weight Large Medium Small All 
(g) size size size sizes 
ANOVA 
Sources df MS MS MS MS MS 
Replications 3 64.1 10.3 147.8 222.5 863.0 
Treatments 7 91.8* 17.1NS 52.6NS 74.3NS 274.0NS 
Error 21 28.2 12.1 54.8 72.1 321.0 
CV(%) 3 19 23 36 24 
Treatments® Means 
Propiconazole twice (initiated @GS 4.0) + 178 21 36 25 82 
chlorothalonil once (1.69 kg a.i./ha) @GS 
O.o 
Chlorothalonil thrice (1.69 kg a.i./ha), 177 19 31 19 69 
initiated @GS 4.0 
Propiconazole twice, initiated @GS 4.0 174 18 31 21 70 
Chlorothalonil twice (1.69 kg a.i./ha). 173 19 33 21 73 
initiated @GS 5.5 
Copper thallate thrice, initiated @GS 4.0 172 17 29 21 67 
Chlorothalonil twice (2.53 kg a.i./ha), 172 18 29 24 71 
initiated @GS 4.0 
Chlorothalonil twice (1.69 kg a.i./ha), 170 20 38 32 90 
initiated @GS 4.0 
Untreated control 163 14 28 26 68 
NS Non-significant difference. 
* Significant difference (p= 0.05), with tabular F= 2.49. 
^Propiconazole at 125 g a.i,/ha and copper thallate at 2.06 kg a.i./ha. Chlorothalonil as indicated. 
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Table 22. Analysis of variance and means for yield of saleable seed from 
fungicide-treated seed corn plots in a commercial field. Fremont, Iowa. 
1991 
500-
seed Yield of saleable seed grades (bags/ha) 
weight Large Medium Small All 
(g) size size size sizes 
ANOVA 
Sources df MS MS MS MS MS 
Replications 3 32.8 15.6 137.5 129.2 863.0 
Treatments 4 129.3* 28.7* 68.0NS 90.7NS 274.0NS 
Error 12 41.1 7.3 46.9 73.1 321.0 
CV(%) 4 15 21 34 23 
Treatments! Means^ 
Propiconazole twice 178a 21a 36 25 82 
(initiation @GS 4.0) + 
chlorothalonil once @GS C O v.o 
Propiconazole twice, 174a 18a 31 21 70 
initiation @GS 4,0 
Chlorothalonil twice, 173ab 19a 33 21 73 
initiation @GS 5.5 
Chlorothalonil twice, 170ab 20a 38 32 90 
initiation @GS 4.0 
Untreated 163 b 14 b 28 26 68 
NS Non-significant difference. 
* Significant difference (p= 0.05), with tabular F= 3.26. 
IPropiconazole at 125 g a.i./ha and chlorothalonil at 1.69 kg a.i./ha. 
^Means followed by the same letters are not statistically different according 
to Duncan's New Multiple Range Test (p= 0.05). 
Significant differences (p= 0.05) among treatments were found for seed 
weight and yield of large size seed (Table 22). Seed of medium size contributed 
the most to yield of saleable bags of seed (43.3% across treatments), followed by 
small size seed (32.6%). Plants from plots treated with two sprays of 
chlorothalonil (1.69 kg a.i./ha) initiated at GS 4.0 appeared to produce the 
greatest yield with increases in the yield of all sizes of seed; however, the 
differences were not significant for mediums, smalls, and the total bags/ha 
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(Table 22). The other fungicide treatments had a tendency for less small seed 
and more seed in the large and medium sizes when compared to the 
untreated control. Two chlorothalonil sprays initiated at GS 5.5 were probably 
applied too late to result in a statistically significant improvement in total 
yield, although they increased the yield of large saleable seed (Table 22). 
The reduced number of treatments (five) used to analyze yield-disease 
relationships resulted in a limited success for achieving a range of disease 
severity levels at the growth stages in which gray leaf spot was assessed. Late 
season assessments (GS 8.2) had higher negative correlations with yield 
variables than assessments at earlier dates (Table 23). The only variable 
showing highly significant negative correlation (p= 0.01) with disease severity 
was yield of large size seed on the last assessment date. Correlations between 
disease severity and yield (total and large and medium sizes) were nearly 
significant (r at 0.05= 0.44) in many instances (Table 23). Critical point loss 
models that regressed % seed weight and % seed yield on gray leaf spot 
severity showed a highly significant relationship (p= 0.01) for regression of 
yield of large size saleable seed on disease at growth stage 8.2 (Table 23). 
However, this model explained only 36% of the observed variation. Thus, a 
significant part of the variation was explained by random factors, even in the 
case of the best fitting model. In the rest of the models constructed using the 
disease and yield data, the variation explained by the respective model was 
always below 19% (Table 23). 
Table 23. Correlation coefficients, coefficients of determination, regression coefficients, and F-tests of 
significance for critical point regression models of seed weight and yield of saleable com seed on severity 
of gray leaf spot at three crop growth stages of a commercial field at Fremont, Iowa. 1991 
Growth stage 6.2 Growth stage 7.5 Growth stage 8.5 
% Yield % Yield % Yield 
% seed Large Medium All % seed Large Medium All % seed Large Medium All 
weight size size sizes weight size size sizes weight size size sizes 
Parameter 
r -.39NS -.43NS -.22NS -.23NS -.43NS -.42NS -.22NS -.22NS -.40NS -.60** -.40NS -.39NS 
R2 .15 .19 .05 .05 .18 .18 .05 .05 .16 .36 .16 .15 
B -1.1NS -l.ONS -1.2NS -2.8NS -0.5NS -1.9NS -1.3NS -1.2NS -1.2NS -1.5** -2.3NS -5.2NS 
Variances 
Model 52NS 47NS 62NS 346NS 65NS 992NS 430NS 392NS 56NS 91** 202NS 1031NS 
Error 17 11 66 359 16 258 456 434 16 9 58 321 
NS Non-significant relationship or regression model. 
** Highly significant relationship or regression model (p= 0.01). Tabular r for significance of 
correlations = .56 (with 18 df). Tabular F for significance of regression models= 8.28 (with 1,18 df). 
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1992 Trials 
Disease and Yield ia Trial at Lynks Seeds Field 
An assessment of the condition of the crop on 21 Aug (GS 7.2); about eight 
days before of initiation of kernel denting and about 27 days after mid-silk) 
showed that Northern leaf spot was the predominant disease affecting the 
plants. The mean percentages of leaf area injured (necrotic) by northern leaf 
spot at that stage were 5%, 9%, 15%, and 39%, respectively, for the first leaf 
above the ear leaf, the ear leaf, and the first and second leaves below the ear 
leaf; the disease situation was considered "very severe". 
A single post-spray disease assessment was made at GS 9.0 (07 Sept: 
kernels fully dented and approximately 44 days after mid-silk). Coalescing 
northern leaf spot lesions had caused complete necrosis of the blade of the 
first and second leaves below the ear leaf and, consequently, the disease 
assessments were limited to the ear leaf and the leaf immediately above it. 
The analysis of the data showed no difference among the treatments for 
disease severity (Table 24). Likewise, no significant differences were found 
among the treatments for any of the yield traits (Table 24). The expected ratio 
of seed sizes is not known; however, there was sparse production of large size 
seed and 92% of the seed was classified as small. 
Trials at ICI Seeds Fields 
Disease 
Two trials were originally established in ICI Seeds fields. No disease 
was apparent in the fields at time of selection (June 29). In the one trial 
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Table 24. Analysis of variance and means of northern leaf spot severity 
and yield of saleable seed for fungicide-treated seed com plots at a 
commercial field. Conrad, Iowa. 1992 
Disease 500-seed Yield of saleable seed (bags/ha) 
NLS weight Large Mid Small All 
%LAD (g) size size size sizes 
ANOVA 
Sources df MS MS MS MS MS MS 
Replications 3 191.0 17.5 0.09 19.3 131.0 255.0 
Treatments 3 27.0NS 3.4NS 0.12NS 1.6NS 91.0NS 89.0NS 
Error 9 35.0 6.0 0.07 2.7 68.0NS 79.0 
CV(%) m m 6 2 66 16 7 7 
Treatments! Means 
Propiconazole 90 107 0.4 11 120 131 
Mancozeb 94 107 0.7 10 131 142 
Chlorothalonil 95 106 0.3 9 124 134 
Untreated 95 106 0.2 10 123 133 
NS Non-significant difference. 
IPropiconazole at 125 g a.i./ha, mancozeb at 1.26 kg a.i./ha, and 
chlorothalonil at 1.69 kg a.i./ha 
established near Conrad, the fungicide-treated plots (but not the untreated 
control plots nor the untreated buffer strip of female plants between 
replications) showed moderate leaf injury at GS 8.2 (18 August), which was 
expressed as round, white to cream colored necrotic spots, 1-4 mm diameter, 
distributed uniformly throughout the leaves. This apparent phytotoxic 
reaction was not seen on plants of the same inbred at the Lincoln site. The 
herbicide 2,4-D (2,4-dichlorophenoxy acetic acid) had been applied on 13 
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August to the Conrad field (but not to the field at Lincoln) for control of 
broadleaf weeds; the last fungicidal spray was applied to the field on 16 
August. All fungicide treated plots were affected. Analysis of the harvest 
data from this site showed that the yield of fungicide-treated plots had been 
noticeably depressed in relation to the untreated control. The data from this 
site have been omitted. 
At the Lincoln site the fungicidal sprays were initiated on July 11 (GS 
4.0= 11 days before mid-silk) and continued on July 30 (GS 5.5= 8 days after 
mid-silk), and August 16 (GS 7.0= soft dough). Symptoms of Northern leaf 
spot (the predominant disease), were first noticed at the time of the last spray 
date (GS 7.0). Disease levels were very low and a few scattered lesions were 
found limited to the third leaf below the ear leaf and lower leaves (Table 25). 
The significant differences observed among treatments at GS 7.0 (Table 26) 
were subject to skepticism because the human error in assessing very low 
disease levels is a problem. A second assessment carried out at GS 8.5 (38 
days after mid-silk) showed that disease levels were still low and were not 
significantly different among treatments (Table 26), although there appeared 
to be a trend for treatments involving two or more sprays of any product to 
have less disease than one-spray treatments. Mean disease severity ranged 
from 2.6% to 7.7%. 
A final disease assessment on 16 Sept (GS 9.5= 56 days after mid-silk) 
showed significant differences among treatments, with disease severity 
ranging from 39.0% (mancozeb full protection) to 63.8% (propiconazole 
sprayed once). Spray programs involving chlorothalonil with one, two, or 
three sprays initiated at the earliest application dates (GS 4.0) and the two-
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Table 25, Spatial and temporal progression of northern leaf spot injury (% 
LAD) within the canopy of untreated seed com plants at three crop growth 
stages in experimental plots in a commercial field. Lincoln, Iowa. 1992^ 
% LAD at different growth stages (dates) 
GS7.0 GS8.5 GS9.5 
Leaf position (08-16) (08-29) (09-16) 
2nd above ear leaf 0.0 0.0 8.2 
1st above ear 0.0 0.0 20.5 
Ear leaf 0.0 1.1 38.2 
1st below ear leaf 0.0 3.0 62.5 
2nd below ear leaf 0.7 9.5 93.5 
3rd below ear leaf 2.7 21.3 99.8 
^Values are average of four replications and six plants assessed in each 
replication. 
spray chlorothalonil program initiated at GS 5.5 resulted in lower disease 
levels than the untreated control (Table 26). One or two spray applications of 
propiconazole initiated at GS 4.0 produced disease levels nearer to the 
untreated control than to the best control treatments. 
Partitioning of the treatment variation into single-degree-of-freedom 
preplanned contrasts generally showed that there were few comparisons that 
were significant (Table 27). The exception was the contrast between one spray 
and two sprays of propiconazole, which was highly significant (p= 0.01). 
"ïield and Disease-Yield Relationships 
Significant differences in average kernel weight were attributed to 
treatments (Table 28), although the range of seed weights was very narrow 
(124 to 130 g/500 seeds). The highest seed weights occurred with the treatment 
involving three sprays of mancozeb. The yield of seed (bags/ha) for the 
Table 26. Analysis of variance and means for northern leaf spot injury at three growth stages of 
fungicide-treated seed com plots in a commercial field at Lincoln, Iowa. 1992 
Growth stages 
GS 7.0 GS 8.5 GS 9.5 
ANOVA 
Sources df MS MS MS 
Replications 3 0.02 0.26 0.04 
Treatments 9 0.12** 0.59NS 1.30* 
Error 27 0.04 0.31 0.43 
CV (%) 28 27 9 
Mean disease values 
Treatments % LAD % LAD % LAD 
Mancozeb thrice, initiation @6S 0.4 2.6 39.0 
4.0 (full protection) 
Chlorothalonil thrice, initiation 0.4 3.2 45.9 
@GS 4.0 (full protection) 
Chlorothalonil twice, initiation 0.6 6.3 48.6 
@GS 4.0 
Chlorothalonil twice, initiation 0.6 3.6 50.2 
GS5.5 
Chlorothalonil once, @GS 4.0 0.4 4.5 51.7 
Propiconazole twice, initiation 0.4 3.7 55.4 
@GS 4.0 
Propiconazole once @GS 4.0 + 0.3 2.7 56.4 
chlorothalonil once @GS 5.5 
Untreated 0.6 7.0 62.8 
Chlorothalonil once, @GS 5.5 0.6 4.9 62.9 
Propiconazole once, @GS 4.0 1.3 7.6 63.8 
NS Non-significant difference. 
* Significant difference (p= 0.05), with tabular F= 2.25. 
** Highly significant difference (p= 0.01), with tabular F= 3.14. 
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Table 27. Preplanned means comparisons of fungicidal treatments 
performance in control of Northern leaf spot at GS 9.5 and yield of saleable 
seed (bags/ha) of fungicide-treated corn plots in a ICI Seeds commercial 
field. Lincoln, Iowa. 1992 
Contrast mean square 
Contrast NLS @GS 9.5 Seed yield 
Chlorothalonil treatments 
Twice initiated @GS 4.0 ys thrice initiated @GS 4.0 
Twice initiated @GS 4.0 ys once initiated @GS 4.0 
Twice initiated @GS 4.0 ys twice initiated @GS 5.5 
Once @GS 4.0 once ®GS 5.5 
0.094NS 
0.080NS 
0.007NS 
0.069NS 
94.56NS 
45.02NS 
3.64NS 
3.59NS 
Prooiconazole treatments 
Twice initiated @GS 4.0 ys once @GS 4.0 
Twice initiated @GS 4.0 vs once @GS 4.0 followed 
by chlorothalonil @GS 5.5 
0.524** 
0.013NS 
0.39NS 
117.35* 
Products comparisons 
Chlorothalonil thrice initiated @GS 4.0 xs 
mancozeb thrice initiated @ GS 4.0 
Chlorothalonil thrice initiated @GS 4.0 
propiconazole twice initiated @GS 4.0 
Mancozeb thrice initiated @GS 4.0 yg propiconazole 
twice initiated @GS 4.0 
<0.001NS 
O.OOINS 
O.OOINS 
75.32NS 
18.38NS 
168.13** 
NS Non-significant difference when compared to error mean squares of 
0.04 and 24.51 for disease and yield, respectively (1, 27 df). 
* Significant difference (p= 0.05). Tabular F= 4.21. 
** Highly significant difference (p= 0.01). Tabular F= 7.68. 
different sizes with the various treatments were different for only medium 
size seed and the overall yield (Table 28). The yield for the various treatments 
ranged from 194 bags (chlorothalonil sprayed twice, initiated @GS 4.0) to 183 
bags (one spray of chlorothalonil delayed till GS 5.5). 
Application of three sprays of chlorothalonil (initiated at GS 4.0) tended to 
result in a yield reduction (bags/ha) compared to spray programs involving 
one or two sprays of the same product (Table 28). The three sprays of 
chlorothalonil resulted in a shift from small sized seed to medium and large 
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Table 28. Analysis of variance and means of yield of saleable seed for 
fungicide-treated seed corn plots at a commercial field. Lincoln, Iowa. 
1992 
500-
seed Yield of saleable seed flbags/ha) 
weight Large Mid Small All 
(g) size size size sizes 
ANOVA 
Sources df MS MS MS MS MS 
Replications 3 6.1 5.0 8.3 236.2 228.0 
Treatments 9 14.1* 6.3NS 44.9* 63.9NS 71.3* 
Error 27 5.5 4.1 15.4 34.8 24.5 
CV(%) 2 19 6 5 3 
Treatments  ^ Means 
Chlorothalonil twice, 125 10.7 64.4 119.1 194.2 
initiation @GS 4.0 
Mancozeb thrice, initiation 130 11.7 69.0 112.8 193.5 
@GS 4.0 
Chlorothalonil twice. 128 12.4 64.7 115.8 192.9 
initiation @GS 5.5 
Propiconazole once @GS 4.0 127 11.3 62.7 117.9 192.0 
+ chlorothalonil once 
@GS 5.5 
Chlorothalonil once @GS 
A n 
124 9.8 61.7 118.0 189.5 
4.U 
Untreated 125 9.7 60.0 119.4 189.1 
Chlorothalonil thrice, 129 12.8 67.7 106.8 187.3 
initiation @GS 4.0 
Propiconazole twice, 126 10.6 62.3 111.4 184.3 
initiation @GS 4.0 
Propiconazole once ®GS 4.0 125 8.8 59.6 115.4 183.9 
Chlorothalonil once @GS 5.5 127 10.4 59.1 113.3 182.8 
NS Non-significant difference. 
* Significant difference (p= 0.05), with tabular F= 2.25. 
^Propiconazole at 125 g a.i./ha, chlorothalonil at 1.69 kg a.i./ha, and 
mancozeb at 1.26 kg a.i./ha. 
seed; 63% of the seed for the untreated control was small sized whereas 57% of 
the seed was small for seed produced with three sprays of chlorothalonil. 
Seed of small size comprised an average 60.8% of the total yield of saleable 
seed and the medium size seed accounted for approximately 33.4% of the total 
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yield. 
Critical point loss models were constructed using % seed weight and % 
yield (compared to the best weight and yield attained) as dependent variables, 
and disease (transformed data) at growth stages 8.5 and 9.5 as the 
independent variable. Correlation coefficients were negative and highly 
significant for the yield of large and medium seed sizes, but not for total yield 
at both growth stages (Table 29). Disease intensity at GS 8.5 and GS 9.5 (% leaf 
area injured) explained 32% and 46% of the variation in medium sized seed, 
respectively. Slightly more significant models were produced when 
regressing % seed weight and % seed yield on disease at GS 9.5 than at GS 8.5, 
as indicated by the magnitude of the coefficients of determination (Table 29). 
Trials at Pioneer Hi-Bred Fields 
Preliminary tests of homogeneity of variance (39) on yield of seed bags 
and disease data at GS 8.5 showed that it was acceptable to combine data of 
two of the trials (Liscomb and Beaman sites, both planted to genotype A) in a 
common data set. According to the tests, the data from the other sites (Van 
Home and Keystone, also planted to genotype A) each represented samples 
from populations with different variances, and consequently each of them 
was analyzed separately. Common rust was the predominant disease in all 
four fields, although there were variations in time of initiation and severity of 
epidemics. Essentially no foliar diseases were present in the fields when they 
were selected for study (11 June). 
Table 29. Correlation coefficients, coefficients of determination, regression coefficients, and and F-tests of 
significance for critical point regression models of yield of saleable com seed on severity of northern leaf 
spot at two crop growth stages of a commercial field at Lincoln, Iowa. 1992 
Statistics 
Growth stage 8.5 Growth stage 9.5 
% Yield % Yield 
% seed 
weight 
Large 
size 
Mid 
size 
All 
sizes 
% seed 
weight 
Large 
size 
Mid 
size 
All 
sizes 
Parameters 
r 
R2 
B 
-0.45** 
0.20 
-1.60** 
-0.50** 
0.25 
-13.90** 
-0.56** 
0.32 
-6.30** 
-0.23NS 
0.05 
-1.40NS 
-0.50** 
0.25 
-1.30** 
-0.45** 
0.20 
-9.80** 
-0.67** 
0.46 
-5.90** 
-0.25NS 
0.06 
-1.20NS 
Mean squares 
Model 
Error 
36.00** 
4.00 
2810.00NS 
217.00 
565.00** 
32.00 
28.00NS 
13.00 
43.00** 
3.00 
2274.00** 
232.00 
809.00 
25.00 
33.00NS 
13.00 
NS Non-significant relationship or regression model. 
** Highly significant relationship or regression model (p= .01). Tabular r value for significance of 
correlation coefficients= .403 (with 38 df). Tabular F for significance of regression models and 
coefficients= 7.35 (1,38 df) 
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Keystone Site 
Disease Development 
The development of the crop in this field was delayed 14-16 days behind 
the other Pioneer fields because the field was not planted until 13 May. Spray 
treatments were applied on 01 July (GS 2.5), 21 July (GS 4.0), 02 Aug (GS 5.5= 
one week after mid-silk), and 22 Aug 22 (GS 6.5); all the sprays were delayed to 
make them coincide as close as possible with the growth stage when the other 
fields were being sprayed. 
The first detectable common rust symptoms were observed in the field on 
28 July (five days before mid-silk), while some detasseling was still being 
done; sori were found on the first, second, and third leaf below the ear leaf of 
untreated plants, usually localized toward the base of those leaves. The first 
readable levels were observed on August 14 (GS 6.0), but disease levels were 
low (Table 30). The differences among treatments at this time were 
significant but small. During subsequent assessments at GS 7.0 and 8.5 the 
differences among treatments became more apparent. Most noticeable and 
consistant was that plants sprayed with mancozeb had less disease than 
plants in most of the other treatments (Table 30). 
Means comparisons using contrasts of disease data from chlorothalonil-
treated plots at GS 7.0 (Table 31) showed highly significant differences 
between applying four (full protection) and two sprays initiated at GS 4.0 (2.2% 
and 4.1% severity, respectively), between two early sprays initiated at GS 2.5 
and two sprays initiated at GS 4.0 (2.1% and 4.1%), and an unexpected 
significant difference between applying two sprays initiated at GS 4.0 and one 
spray at GS 4.0 (4.1% and 2.5%, respectively); significant also at this growth 
73 
Table 30. Analysis of variance and means of common rust injury (% LAD) 
at three growth stages of fungicide-treated seed com plots in a commercial 
field. Keystone, Iowa. 1992 
Growth stages 
@GS 6.0 @GS 7.0 @GS 8.5 
ANOVA 
Sources df MS MS MS 
Replications 3 0.001 0.47 4.8 
Treatments 9 0.047** 4.06** 3.5** 
Error 27 0.011 0.83 0.9 
CV(%) 35 34 29 
Treatments» Means 
Mancozeb full protection 0.2 0.8 0.8 
Chlorothalonil full protection 0.1 2.2 2.8 
Clorothalonil once @GS 5.5 0.4 3.5 3.0 
Chlorothalonil twice, 0.4 2.1 3.1 
initiation @GS 2.5 
Propiconazole once @GS 4.0 0.2 2.5 3.4 
Untreated 0.3 2.4 3.4 
Chlorothalonil once @GS 4.0 0.2 2.5 3.8 
Chlorothalonil twice, 0.4 4.1 3.8 
initiation @GS 4.0 
Propiconazole twice. 0.1 2.5 3.9 
initiation ®GS 2.5 
Chlorothalonil twice, 0.3 4.2 4.1 
initiation @GS 5.5 
NS Non-significant difference. 
** Highly significant difference (p= 0.01), with tabular F= 3.14. 
^Propiconazole at 125 g a.i./ha, chlorothalonil at 1.69 kg a.i./ha, and 
mancozeb at 1.26 kg a.i./ha. 
stage was the difference between chlorothalonil full protection and mancozeb 
full protection treatments (2.2% and 0.8%, respectively). At growth stage 8.5 
the major difference was the difference in disease severity after four 
applications of mancozeb and the severity of disease on plants in the other 
treatments, including the untreated control (Tables 30 and 31). 
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Table 31. Preplanned means comparisons of fungicidal treatments for 
control of common rust (% LAD at two crop growth stages) and yield of 
saleable seed (bags/ha) in fungicide-treated seed com plots at a 
commercial field. Keystone, Iowa. 1992 
Contrast mean square 
Common rust Seed 
Contrasts @GS 7.0 @GS 8.5 Yield 
Chlorothalonil treatments 
Full protection ja twice initiated @GS 2.5 O.OINS 0.14NS 85.0NS 
Full protection twice initiated @GS 4.0 6.84** 1.93NS 467.6NS 
Twice initiated @GS 2.5 zs twice initiated @GS 4.0 7.36** 1.03NS 196.8NS 
Twice initiated @GS 4.0 yg twice initiated @GS 5.5 0.06NS 0.16NS 57.4NS 
Twice initiated @GS 4.0 £S. once initiated @GS 4.0 4.84* O.OINS 1110.7NS 
Twice initiated @GS 5.5 xs once initiated @GS 5.5 1.16NS 2.45NS 306.2NS 
Products comnarisons 
Chlorothalonil full protection mancozeb full 3.88** 7.90** 501.4NS 
protection 
Chlorothalonil twice initiated @GS 2.5 ys 0.20NS 1.28NS 332. INS 
propiconazole twice initiated @GS 2.5 
(Chlorothalonil full protection + mancozeb full 2.14NS 6.82* 3054.5** 
protection) vs untreated control 
NS Non-significant difference when compared to error mean squares of 
0.83 and 0.89 for disease at GS 7.0 and 8.5, respectively, and 303.28 for yield. 
* Significant differences at p= 0.05 (tabular F with 1,27 df= 4.21). 
** Highly significant difference at p=; 0.01 (Tabular F with 1, 27 df= 7.68). 
Yield and Yield-Disease Relationships 
The analysis of variance showed that significant differences (p= 0.05) 
occurred among treatments (Table 32), with mean yields ranging from 179 to 
221 bags/ha for all sizes combined. All of the fungicide treatments resulted in 
higher yields than the untreated control, with four sprays of mancozeb 
providing the greatest yield increase. It is evident that with the delayed 
disease appearance and early initiation of sprays, a great deal of confounding 
variation can arise as a result of uncontrolled random factors. The major 
effect of the fungicides was to increase the number of saleable kernels with 
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Table 32. Analysis of variance and means for yield of saleable seed of 
fungicide-treated seed com plots in a commercial field. Keystone, Iowa. 
1992 
500-
seed Yield of saleable seed fbags/ha) 
weight Large Mid Small All 
(g) size size size sizes 
ANOVA 
Sources df MS MS MS MS MS 
Replications 3 26.8 0.5 66.3 378.6 440.8 
Treatments 9 47. INS 2.4** 310.3** 269.1NS 715.0* 
Error 27 23.3 .4 13.9 259.1 303.3 
CV(%) 5 60 12 10 9 
Iteatments® Means 
Mancozeb full protection 110 2.1 45.0 173.5 221 
Propiconazole once, 102 0.4 26.5 184.1 211 
initiation @GS 4.0 
Chlorothalonil twice, 104 1.0 31.5 176.0 208 
initiation @GS 4.0 
Chlorothalonil full 110 2.4 41.9 160.7 205 
protection 
Chlorothalonil twice, 108 1.8 34.3 167.0 203 
initiation @GS 5.5 
Chlorothalonil twice, 102 0.9 25.6 172.0 199 
initiation @GS2.5 
Chlorothalonil once. 107 1.3 29.4 160.0 191 
initiation @GS 5.5 
Propiconazole twice. 108 0.6 24.3 160.8 186 
initiation @GS 4.0 
Chlorothalonil once, 101 0.3 20.5 164.1 185 
initiation @GS 4.0 
Untreated 103 0.3 17.8 161.0 179 
NS Non-significant difference. 
* Significant difference (p= .05), with tabular F= 2.25. 
** Highly significant difference, with tabular F= 3.14. 
^Propiconazole at 125 g a.i./ha, chlorothalonil at 1.69 kg a.i./ha, and 
mancozeb at 1.26 kg a.i./ha. 
treatments, with disease severity ranging between 0.5% and 9.6% (Table 34). 
most of the increase occurring with the medium size kernels (Table 32). 
There was a tendency for an increase in seed weight/500 kernels. 
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Regression models relating disease intensity to yield were significant 
when common rust severity at GS 8.5 was used as the independent variable 
(Table 33), but not with disease assessments data at GS 7.0. In spite of the 
significance, the models at GS 8.5 were able to explain only 24%, 16%, and 
12% of the variation observed in seed weight, large, and mid size seed yield, 
respectively. 
Van Home Site 
Disease Development 
At this site the fungicidal treatments were applied on 25 June (GS 2.5), 11 
July (GS 4.0), and 29 Jtaly (GS 5.5); a fourth spray was due on 16 Aug (GS 7.0) 
but was omitted because the field was not yet showing disease. Common rust 
developed later and a single disease assessment was made on 28 Aug (GS 8.2= 
mid-denting). Highly significant differences (p=0.01) occurred among 
treatments, with disease severity ranging between 0.5% and 9.6% (Table 34). 
The lowest disease levels were associated with mancozeb and chlorothalonil 
fiill protection treatments (three sprays of each). Disease severity for these 
treatments were 0.5% and 2.0 %, respectively. Other treatments had similar 
disease severities, ranging from 5.2% to 7.0%. Preplanned mean 
comparisons (Table 35) showed highly significant differences in common rust 
severity between the full protection (three sprays) chlorothalonil spray 
program and the chlorothalonil treatments based on two sprays (initiated 
either at GS 2.5 or at GS 4.0), and also between the mean severity ratings for 
the mancozeb + chlorothalonil treatments and the untreated control. 
Table 33. Correlation coefficients, coefficients of determination, regression coeffîcients,.and F-tests of 
significance for critical point regression models of yield of saleable seed on severity of common rust at two 
growth stages of seed com plots in a commercial field at Keystone, Iowa. 1992 
Growth stage 7.0 Growth stage 8.5 
% Yield % Yield 
% seed Large Medium All % seed Large Medium All 
weight size size sizes weight size size sizes 
Parameters 
r -0.15NS -0.09NS -0.13NS -0.08NS -0.35* -0.40* -0.49** -0.22NS 
R2 0.02 0.01 0.02 0.01 0.12 0.16 0.24 0.05 
-0.58NS -2.9 INS -2.22NS -0.57NS -1.27* -11.74* -7.54** -1.48NS 
Mean squares 
Model 20.6NS 509.3NS 298.2NS 19.7NS 113.5* 9641.4* 3739.9** 153.4N 
Error 23.9 1568.9 425.6 85.4 21.5 1328.5 328.8 82.0 
NS Non-significant relationship or regression model. 
* Significant coefficients or regression models (p= 0.05). Tabular r for significance of correlations= .312 
(with 38 df). Tabular F for significance of regression models and coefficients= 4.10 (with 1, 38 df) 
** Highly significant coefficients or regression model (p= 0.01). Tabular r value for correlations= .413 
(with 38 df). Tabular F for regression models and coefïicients= = 7.35 (with 1,38 df) 
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Table 34. Analysis of variance and means for common rust damage (% 
LAD at one growth stage), and yield of saleable seed of fungicide-treated 
seed com plots in a commercial field. Van Home, Iowa. 1992 
Common 500-
rust seed Yield of salfiahla seed (bags/ha) 
@GS 8.2 weight Large Medium Small All 
(%LAD) (g) size size size sizes 
ANOVA 
Sources df MS MS MS MS MS MS 
Replications 3 35.8 21.8 5.4 26.6 167.8 272.6 
Treatments 9 29.4** 23.9** 10.6* 87.9* 90.4NS 98.3NS 
Error 27 2.1 6.8 3.4 35.5 93.4 86.8 
CV(%) 2 37 11 6 4 
Treatments^ Means 
Mancozeb, full protection 0.5 125.4 9.1 66.0 143.8 218.9 
Chlorothalonil, full 2.0 121.0 4.9 54.9 157.7 217.4 
protection 
Chlorothalonil once @GS 5.2 119.1 5.5 56.7 151.9 214.0 
4.U 
Chlorothalonil once @GS 6.7 117.8 4.9 51.9 156.0 212.9 
O.D 
Propiconazole once @GS 
A A 
7.0 119.5 3.5 51.7 155.9 211.1 
Chlorothalonil twice, 5.1 118.8 4.8 51.3 154.5 210.6 
initiation @GS 4.0 
Chlorothalonil twice, 5.3 118.3 4.4 54.0 149.5 208.0 
initiation @GS 2.5 
Propiconazole twice. 6.5 119.9 3.9 55.4 146.5 206.0 
initiation @GS 2.5 
Untreated 9.6 117.1 4.2 50.8 149.1 2042 
NS Non-significant difference. 
* Significant difference (p= 0.05), with tabular F= 2,25. 
** EGghly significant difference, with tabular F= 3.14. 
^Propiconazole at 125 g a.i./ha, chlorothalonil at 1.69 kg a.i./ha, and 
mancozeb at 1.26 kg a.i./ha. 
Yield and Disease-Yield Relationships 
Highly significant differences in seed weight were found among 
treatments (Table 34), with weights ranging between 117 g/500seeds for the 
untreated control and 125 g/500 seeds for seeds produced with the mancozeb 
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Table 35. Preplanned means comparisons of fungicidal treatments 
performance for control of common rust assessed at one growth stage and 
yield of saleable seed (bags/ha) in fungicide-treated seed com plots at a 
Pioneer Hi-Bred commercial field. Van Home, Iowa. 1992 
Contrast mean square 
Contrasts CR @GS 8.2 Seed yield 
Chlorothalonil treatments 
Full protection twice initiated @GS 2.5 21.78** 180.60NS 
Full protection ys twice initiated @GS 4.0 19.53** 19.56NS 
Twice initiated @GS 2.5 twice initiated @GS 4.0 0.06NS 14.13NS 
Twice initiated @GS 4.0 jis twice initiated @GS 5.5 5.28NS 19.98NS 
Twice initiated @GS 4.0 ya once initiated @GS 4.0 0.03NS 24.17NS 
Twice initiated @GS 5.5 ys once initiated @GS 5.5 O.OINS 60.50NS 
Products comnarisons 
Chlorothalonil full protection %§, mancozeb full 4.06NS 4.29NS 
protection 
Chlorothalonil twice initiated @GS 2.5 ys 3.25NS 8.05NS 
propiconazole twice initiated @GS 2.5 
(Chlorothalonil full protection + mancozeb full 187.60** 519.72* 
protection) ss untreated control 
NS Non-significant difference when compared to error mean squares of 
2.08 for disease and of 86.79 for yield. 
* Significant differences (p= .05). Tabular F with 1, 24 df= 4.26. 
** Highly significant difference (p= .01). Tabular F with 1, 24 df= 7.82. 
full protection (three sprays) spray program. The other treatments had 
average seed weights within a narrow range of 118 to 121 g/500-seed sample. 
Yield of seed (bags/ha) was not significantly affected by the fungicide 
treatments according to the ANOVA (Table 34). Yet, when mancozeb and 
chlorothalonil as full protection treatments were contrasted with the 
untreated control, the difference was significant (Table 35). The mancozeb 
treatment, which involved three sprays, had more medium and large size 
saleable seed than the untreated control (Table 34). The increase in large and 
medium size seeds with this mancozeb treatment appeared to be at the 
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Table 36. Correlation coefficients, coefficients of determination, regression 
coefficients, and tests of significance for critical point regression models of 
yield of saleable seed on severity of common rust at growth stage 8.2 in a 
Pioneer Hi-Bred commercial seed com field. Van Home, Iowa. Summer 
1992. 
% yield 
Model % seed Large Mid All 
parameters weight size size sizes 
Coefficients 
r 
R2 
B 
Mean squares 
Model 128.2** 2517.4* 560.3* 128.7* 
Error 44 551.4 98^ 17.8 
* Significant coefficients or regression models (p= .05). Tabular r for 
significance of correlations = 0,329 (with 34 df). Tabular F value for 
significance of regression models and coefficients= 4.13 (with 1, 34 df). 
** Highly significant coefficients or regression models.(p= 0.01). Tabular r 
for correlations= 0.424 (with 34 df). Tabular F for regression models and 
coefficients:: 7.44 (with 1,34 df). 
-0.66** -0.33* -0.36* -0.40* 
0.43 . 0.11 0.13 0.16 
-0.56** -2.47* -1.16* -0.56 
expense of small seeds. Small size seed comprised the greatest fraction 
contributing to yield of saleable seed (average= 71.7%), followed by medium 
size seed (25.9%). 
A critical point model was constructed to regress % seed weight on rust 
severity at GS 8.2 that explained 43% of the variation (Table 36). Regressions 
of disease severity on % yield and % yield components (large and medium size 
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seeds) were also significant (p= 0.05), although they explained a smaller part 
of the variation than for % seed weight. 
Liscomb and Beaman Sites 
The disease and yield data obtained from these sites (Appendix B) was 
combined in a single data set which was the basis for the analyses performed. 
Disease 
Sprays were applied on both sites on 24 June (GS 2.5), 14 July (GS 4.0), 31 
July (GS 5.5= nine days after mid-silk), and 16 Aug (GS 7.0). A disease 
assessment at Liscomb on 04 Aug (GS 6.0) detected for the first time very low 
non-significant levels of disease (Appendix B-1), and at this early date the 
mancozeb and chlorothalonil treatments were showing slightly less disease 
than the other treatments. Combined analysis of data of subsequent 
assessments at GS 7.0 and GS 8.5 showed that the severity of common rust 
increased progressively (Table 37), although the plants sprayed with 
mancozeb each time consistently had less disease than the untreated controls. 
All of the treatments initiated at GS 4.0 or earlier had decreased the amount 
of disease by GS 7.0. Sprays initiated at GS 5.5 were too late to have a large 
effect on the epidemic. Treatments that started by GS 4.0 and continued 
through GS 5.5 or GS 7.0 had the least amount of disease at the last 
assessment (GS 8.5) (Table 37). Individual analyses by site showed similar 
patterns (Appendexes B-1 and B-2). 
Mean contrasts of final disease severity showed that two sprays of 
chlorothalonil at GS 4.0 significantly reduced disease severity in comparison 
to two sprays of the same product initiated at GS 5.5, or one spray applied at 
Table 37. Analyses of variance and means for seed weight, yield of saleable .seed, and common rust 
damage (at two growth stages) for the combined data of fungicide-treated seed com plots from two 
commercial fields (Liscomb and Beaman sites). Iowa. 1992 
500-seed Yield of saleable seed grades (bags/ha) Common rust 
weight Large Medium Small All (% LAD) 
(g) size size size sizes @GS 7.0 @GS 8.5 
Anova 
Sources df MS MS MS MS MS MS MS 
Sites 1 358.1** 169.6* 22.2NS 33409.1** 30439.8** 0.2NS 2.9NS 
Replications (site) 6 21.7 12.5 132.2 49.6 199.7 2.1 34.4 
Treatments 9 76.7** 55.5** 790.5** 85.9NS 1485.9** 24.2** 88.2** 
Treatments X sites 9 7.5NS 3. INS 79.8NS 90. INS 106.0NS 0.9NS 4.5NS 
Error 54 6.9 2.9 43.2 118.2 105.9 1.0 4.3 
CV treatments (%) 2 23 15 5 4 39 39 
Treatments» Means 
Mancozeb full protection 122 13.4 77.2 177.2 268 0.3 0.4 
Chlorothalonil full protection 120 10.6 71.4 179.4 261 0.8 2.3 
Chlorothalonil twice, initiation @GS 4.0 117 8.0 63.2 177.7 249 1.0 2.5 
Chlorothalonil twice, initiation @GS 2.5 114 7.7 58.4 182.2 248 1.5 5.1 
Chlorothalonil once @GS 4.0 115 6.5 58.2 177.7 242 2.2 5.1 
Propiconazole twice, initiation @GS 2.5 115 6.5 56.5 179.1 242 1.9 6.3 
Chlorothalonil twice, initiation @GS 5.5 117 6.9 58.3 170.4 236 4.1 6.2 
Propiconazole once @GS 4.0 114 5.5 58.2 177.2 241 2.6 7.1 
Chlorothalonil once @GS 5.5 114 5.6 50.2 173.3 229 4.3 8.0 
Untreated 112 4.7 43.2 177.2 225 5.6 12.0 
NS Non-significant difference. 
* Significant difference (p= 0.05), with tabular F for sites= 5.99. 
** Highly significant difference (p= 0.01). Tabular F were as follows: for sites= 13.74 (1,6 df); for 
treatments= 5.35 (9,9 df); and for interactions 2.75 (9,54 df). 
sPropiconazole at 125 g a. i./ha, chlorothalonil at 1.69 kg a.i./ha, and mancozeb at 1.26 kg a. i./ha. 
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Table 38. Preplanned mean comparisons of the combined data on control 
of common rust (at two growth stages) and yield of saleable seed (bags/ha) 
obtained from seed com plots at two Pioneer Hi-Bred commercial fields, 
Iowa. 1992 
Contrast mean square 
Common rust Seed 
Contrasts @GS 7.0 @GS 8.5 yield 
-Chlorothalonil treatments 
Full protection twice initiated @GS 2.5 1.57NS 22.54NS 579.79* 
Full protection twice initiated @GS 4.0 0.25NS 0.17NS 621.03* 
Twice initiated @GS 2.5 yg twice initiated @GS 4.0 0.58NS 18.76NS 0.5 INS 
Twice initiated @GS 4.0 ys twice initiated @GS 5.5 39.83** 66.22** 817.31* 
Twice initiated @GS 4.0 once initiated @GS 4.0 5.41* 27.23* 78.96NS 
Twice initiated @GS 5.5 once initiated @GS 5.5 0.03NS 7.56NS 110.89NS 
Products comnarisons 
Chlorothalonil full protection mancozeb fiill 0.86NS 14.20NS 163.36NS 
protection 
Chlorothalonil twice initiated @GS 2.5 %g 0.88NS 9.79NS 201.79NS 
propiconazole twice initiated @GS 2.5 
(Chlorothalonil full protection + mancozeb full 137.87** 608.65** 8283.89** 
protection) vg untreated control 
NS Non-significant difference when compared to error mean squares of 
0.91 and 4.53 for disease at GS 7.0 and 8.5, respectively, and 105.97 for yield. 
* Significant differences (p= .05). Tabular F with 1, 9 df= 5.12. 
** Highly significant difference (p= .01). Tabular F with 1, 9 df= 10.56. 
GS 4.0 (Table 38). When the two sprays of chlorothalonil were initiated by GS 
4.0 there was no difference in disease severity when compared to four sprays 
of the same product. The mean disease severity of the full protection 
mancozeb + chlorothalonil treatment was significantly lower than the 
untreated control. 
Yield and Disease-Yield Relationships 
Slightly lower 500-seed weights and seed yields were measured at 
Liscomb than at Beaman (Appendices B-3 and B-4). The combined analysis of 
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variance showed highly significant differences (p= 0.01) between sites for seed 
weight and yield (Table 37). However, the interaction of treatments X sites 
was not significant, indicating that the significance of the sites source of 
variation was basically due to variations in magnitude of seed weights and 
yields, without involving a change in the overall ranking of treatments across 
sites. 
Overall yield differences among the treatments (combined analysis) were 
highly significant, ranging from 225 bags/ha (untreated control) to 268 
bags/ha for plots treated with mancozeb four times (Table 37). The yield of 
small seed was not affected by the treatments, however the amount of large 
and medium size seed increased with the spray treatments, with the greatest 
increase associated with four sprays of mancozeb or chlorothalonil. This 
indicates that there were increases at all sizes but no net gain with the small 
size seed. Because of this relationship, the ranking of the treatments for 
weight of 500 was in general agreement with the ranking of the yield of large 
and medium size seed. Seed of small size comprised an average 72.7% of the 
yield of saleable seed, and seed of medium size contributed 24.1% of the yield. 
Yield values generally were in an inverse relationship with disease severity 
ratings on the last assessment date (GS 8.5) (Table 37). 
Contrasts of chlorothalonil spray programs (Table 38) showed that seed 
yield was significantly higher in plots sprayed four times (full protection) 
than in plots which received two sprays initiated either at GS 2.5 or at GS 4.0. 
Also, significantly higher yield was obtained with two sprays initiated at GS 
4.0 than by two sprays with the initiation delayed until GS 5.5, or than one 
spray at GS 4.0. The untreated plots yielded significantly less than the plots 
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receiving four applications of mancozeb or chlorothalonil treatments (Table 
38). 
Critical point regression models of % seed weight and % yield on 
common rust severity were all highly significant for disease assessments at 
both growth stages (Table 39). All dependent variables were highly correlated 
with yield. Based on the magnitude of the coefficients of determination, better 
fitting models were developed when disease severity was assessed at GS 8.5 
than at GS 7.0. Up to 57% of the variation in medium size seed yield was 
explained by disease severity, with the best model at GS 8.5. 
Table 39. Correlation coefficients, coefficients of determination, regression coefficients, and F tests of 
significance for critical point regression models of the combined seed weight and yield of saleable com 
seed data of two sites on severity of common rust at two crop growth stages. Iowa. Summer 1992 
Growth stage 7.0 Growth stage 8.5 
% Yield % Yield 
% seed Large Medium All % seed Large Medium All 
^ weight size size sizes weight size size sizes 
Coefficients 
r 
R 
Variances 
Model 255.4** 15157.6** 7870.7** 1413.9** 402.9** 21314.7** 10709.6** 1405.3** 
Error 8.1 393.8 139.1 20.8 6.3 314.9 102.8 20.9 
NS Non-significant relationship or regression model. 
* Significant coefficients or regression models (p= 0.05). Tabular r value for correlations= .217 (with 78 
df). Tabular F for regression models and coefficients= 3.96 (with 1, 78 df) 
** Highly significant coefficients or regression model (p= 0.01). Tabular r value for correlations= .283 
(with 78 df). Tabular F for regression models and coefficients= = 6.96 (with 1,78 df) 
-.53** -.57** -.65** -.68** -.67** -.68** -.76** -;68** 
.27 .33 .42 .47 .42 .46 .57 .46 
-.93 -7.2** -5.2** -2.2** -0.6** -4.1** -2.9** -1.0** 
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DISCUSSION 
Variable weather patterns from year-to-year appeared to be responsible 
for the changes in the prevalence and severity of diseases found at the 
experimental sites during the duration of the study, although the same 
diseases were usually found each year, namely: common rust, gray leaf spot, 
northern leaf spot, northern corn leaf blight, and, ever-present, Stewart's 
disease (Table 40). Stewart's disease, caused by a bacterium, was the most 
prevalent disease during the duration of the study because in 1990 and 1992 
this disease as present in 9 of 9 fields (Table 40). Subjective estimations of the 
intensity of damage by Stewart's disease in the experimental sites ranged 
from light to moderate damage levels in 1992, and very severe damage in 1990. 
This disease was an additional stress factor that contributed to yield losses in 
a magnitude yet to be defined. 
In 1992, particularly cool conditions during the mid and latter part of the 
reproductive growth phase of the crop favored the occurrence of common rust 
as the predominant disease in Pioneer Hi-Bred fields planted to a susceptible 
genotype (inbred A) (Table 1). Maximum yield losses of saleable seed due to 
common rust in these fields in the absence of fungicidal treatments ranged 
between 6.7%, determined by a very late epidemic at Van Home (Table 40), 
and 18.9 % recorded at Keystone the same year and on the same genotype. 
Greatest losses were in fields that showed disease at an earlier date, viz.. 
Conrad, Beaman, and Keystone sites, where measurable disease signs were 
first detected at growth stages 6.0-7.0. 
Data from those fields in which epidemic onset occurred earlier, i.e., GS 
6.0 or 7.0, rendered better fitting critical point regression models for common 
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Table 40. Dominant leaf spot diseases and percentage yield loss in 
saleable seed (bags) based on yield of the best fungicide treatment 
documented in trials established in seed corn commercial production 
fields during 1990-1991-1992. Iowa 
% yield loss (bags) 
Diseases® All Large Medium 
Year & site Cooperator Dominant Other^ sizes size size 
1990 
Mt Union Pioneer NCLB SD 0.0 n.a. n.a. 
Packwood Pioneer NCLB SD 3.0 n.a. n.a. 
Green Pioneer CR SD 7.7 n.a. n.a. 
Mountai 
n 
Fremont Pioneer GLS SD 10.6 n.a. n.a. 
1991 
Fremont Pioneer GLS — 25.1 33.4 26.0 
1992 
Liscomb Pioneer CR SD 16.1 57.7 40.5 
Beaman Pioneer CR SD 16.6 73.4 47.2 
Keystone Pioneer CR SD 18.9 88.8 60.7 
Van Home Pioneer CR SD 6.7 61.2 23.8 
Lincoln ICI NLS SD 5.9 31.7 14.3 
® CR= Common rust; GLS= gray leaf spot; NCLB= Northern com leaf 
blight; NLS= Northern leaf spot; SD= Stewart's disease. 
^ Identifies secondary leaf diseases causing damage at the particular field. 
rust. Generally, a greater proportion of the variation in yield was explained 
by critical point models for disease assessed at growth stage 8.5 compared to 
earlier growth stages. Models usually explained a greater proportion of the 
variation for yield of medium and large size seed than of the variation in total 
seed yield (Tables 33, 36, and 39). In some instances the fungicide treatments 
also increased the number of small kernels. Usually the increase in large 
and medium seed sizes with fungicide treatments had a proportional 
replacement of number of small seeds. Thus, yield losses due to disease were 
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essentially a function of kernels failing to reach seed grade size. Variation 
occurred among fields in the magnitude of the percentage losses documented 
in large and medium sizes seed yields (Table 40), a situation that reflects the 
complexity of yield determination in seed production environments, even 
under apparently similar crop practices. 
Gray leaf spot causing yield reductions was documented only in two 
fields during the duration of the study (Table 40). Maximum yield losses 
determined by this disease in the absence of fungicidal treatments were 10.6% 
in 1990 and 25.1% in 1991. It is significant that in 1991 this disease developed 
rapidly to levels causing economic damage which would have not been 
expected to occur under the dry conditions that prevailed during the 
reproductive stages of the crop (Table 16). Also remarkable is that GLS 
developed in plants where significant removal of leaf tissue during 
detasseling and removal of the male rows opened the canopy to some degree. 
Supposedly, this disease is favored by the microclimate associated with closed 
canopies. The ability of C. zeae-maydis to develop and cause yield losses in 
inbred lines in seed production fields raises serious questions about the 
potential threat gray leaf spot might pose to the midwest com belt once the 
disease is well established. In spite of the significant differences in disease 
levels, yield differences were not significant and, likewise, critical point 
regression models of seed yield on gray leaf spot severity were usually non­
significant, an outcome that can be partially attributed to the compounding 
effect of drought. The best fitting critical point model was significant for 
regression of yield of large size seed on disease at GS 8.5 flatter growth stage 
assessed), and only explained 36 % of the variation in yield of that seed grade. 
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Losses due to northern leaf spot at the ICI Seeds field in 1992 were low in 
comparison to losses determined by gray leaf spot and common rust, a mere 
5.9% reduction in yield of saleable bags of seed (Table 40). Unlike rust and 
gray leaf spot, the onset of the epidemic of northern leaf spot occurred slightly 
later in the season, its evolution was very slow and, although it reached 
severe levels at growth stage 9.5, apparently it was too late to impact yield 
significantly. Unfortunately, the fungicidal treatments did little to stop the 
epidemic, therefore it is impossible to estimate accurately the yield losses. 
Slightly better fitting yield loss models were obtained when using disease data 
obtained at latter growth stages, i. e., GS 9.5, than at an earlier stage, a result 
similar to that documented also for gray leaf spot and common rust. The 
evidence gathered at the Lynks Seed field suggests that, although no 
significant differences were observed in terms of disease severity, some 
benefit in terms of reducing yield losses caused by Northern leaf spot may be 
derived from very late applications (GS 7.2) of an effective treatment, as it was 
the case of mancozeb sprays. Unfortunately, mancozeb can not be applied 
within 40 days of harvest according to label restrictions. 
Northern corn leaf blight symptoms were found in all the fields during 
the three years of the study, although its effect on yield probably was not 
significant in most instances. Its occurrence as a dominant disease was 
documented only in 1990, in two trials established in Pioneer Hi-Bred fields, 
and even in those cases the maximum loss documented was just 3.0% 
(Packwood site) (Table 40). Although spray initiation in these trials was late 
in comparison to the trials conducted in 1991 and 1992, they were still applied 
before measurable disease symptoms were noticed. However, the 14-16 day 
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latent period of infection for northern corn leaf blight could mean that 
infections could have occurred before sprays were made. 
Great variation occurred in performance of fungicidal treatments in 
disease control and yield determination. Some of the treatments applied 
during the course of the study were evidently phytotoxic and caused yield 
depression unrelated to yield losses caused by disease. Such an effect was 
observed in 1990 (four trials at Pioneer Hi-Bred fields) and 1991 (one trial at a 
Pioneer Hi-Bred field) in plots sprayed with the protectant copper thallate. It 
was also noticed in 1991 (the trial at the Fremont site) in plots sprayed with 
the protectant chlorothalonil in treatments delivering a season total 
equivalent to 5.03 kg a. i./ha. Two different genotypes (inbreds A and B, Table 
1) were represented in those trials, which indicates that it was not a genotype-
specific reaction. In most cases, the treatments decreased disease levels to 
severities of some of the most effective treatments, but the yield was not 
improved over the untreated control. In both years a severe drought occurred 
during the reproductive stages of the crop (Table 8), a stressing condition that 
may have sensitized the crop to the chemicals. In 1992, under very wet 
conditions, four applications of . chlorothalonil were made to the crop and 
apparently no yield depression or phytotoxicity occurred. The rains probably 
eroded away much of the chlorothalonil and any breakdown products. Thus, 
in addition to influencing disease control efficacy of the fungicides, weather 
conditions may have allowed fungicidal treatments to have a phytotoxic 
adverse effect on yield. 
In the absence of phytotoxicity-induced yield depression, the efficacy and 
the magnitude of the yield loss reduction of fungicidal treatments appeared to 
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be dependent on their frequency as well as on their timing in relation not only 
to the crop stage but also to onset of epidemics. In 1992, in those trials in 
which clearly quantifiable levels of common rust were already present at 
growth stage 7.0, i. e.. Keystone, Liscomb, and Beaman sites, consistently 
(although not necessarily significantly in all instances) the full protection 
treatment based on four sprays of mancozeb always resulted in lower 
common rust levels and higher seed weight and yield than the rest of the 
treatments. Four sprays with chlorothalonil usually showed the same effect, 
although usually producing slightly lower yields. Under those same disease 
conditions, application of sprays at GS 4.0 (10 to 12 days before mid-silk) 
seemed to be critical for disease control and yield increases. Two sprays of 
chlorothalonil initiated at GS 4.0, although succumbing to higher levels of 
disease at GS 8.5 than the full protection programs, produced a yield similar 
to the yield obtained with four sprays. Two sprays of chlorothalonil initiated 
at GS 4.0 usually provided better common rust control and slightly higher 
yield than two sprays initiated earlier (GS 2.5) or later (GS 5.5). The 
application of a single spray of chlorothalonil at any growth stage was usually 
better than not spraying, but better if applied at GS 4.0 tha earlier or later. 
Propiconazole applications provided control of CR, but usually was not quite 
as effective as chlorothalonil. One application of propiconazole was less 
effective than two applications. 
In conditions where quantifiable levels of common rust appeared late (GS 
8.0, i.e., the site at Van Home in 1992), the fungicidal treatments applied 
throughout the season provided significantly better disease control than the 
other treatments. Evidently, the common rust was present earlier in the plots 
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and its increase was contained by the residual fungicide. A similar situation 
developed in the ICI field at Lincoln with a slow developing epidemic of 
Northern leaf spot. At this site, fungicide treatments that were applied 
throughout the season provided disease control. The early applications of the 
fungicide probably reduced early infections in the lower leaves and maybe 
interfered with sporulation on the crop residue. Unfortunately the timing of 
the sprays or efficacy of the materials was inadequate to stop the northern leaf 
spot epidemic in the ICI Seeds field. 
In the two instances in which gray leaf spot was the dominant disease 
(Fremont site, in 1990 and also in 1991), quantifiable levels of disease showed 
at GS 7.0 in 1990 and at GS 5.2 in 1991. In the 1990 trial, two sprays of 
chlorothalonil initiated at GS 6,0 (blistering) resulted in significantly better 
control and higher yield than the rest of the treatments, including 
propiconazole. In the 1991 trial, two sprays of chlorothalonil initiated at GS 
4.0 provided one of the lowest final disease levels and the highest yield of 
saleable seed. In both cases timing was important as the initial spray was 
applied about 15 days (about a full growth stage interval) prior to the 
observation of quantifiable levels of disease. 
The realization of the full yield potential of parental lines used for seed 
corn production is limited by a series of factors of biotic and abiotic nature that 
directly and/or indirectly contribute to a decrease in saleable seed yield, i. e., 
physio-genetic (inbreds are naturally low yielders in comparison to their 
hybrid offspring), pests (including diseases), agronomic practices 
(detasseling), and environmental (drought susceptibility, etc.). Hybrid corn 
seed is sold on a per-bag basis, each bag containing 80,000 seed-grade kernels. 
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Thus, the goal of seed com producers is to produce the greatest number of 
bags of saleable seed per unit area of soil within economical guidelines. Seed 
size enters into profits as medium and large size seed usually commands a 
higher price than small size seed. The small size seed can also be related to 
germination and stand establishment problems. 
Yield of dry matter in crops is the integral of yield components. The 
effect of stress factors on yield components is dependent on the time of their 
occurrence and the magnitude of their effect. For instance, severe levels of 
northern corn leaf blight near the time of tassel emergence (GS 4.0) reduced 
number of ears per plant, whereas disease reaching severe levels at GS 5.0 
first affected number of kernels per ear, and then kernel weight (11). This is 
because kernel numbers are established at anthesis, and reductions in kernel 
numbers per ear occur when stress, (i. e., drought), diseases, occurs during 
early silking and pollination (GS 5.0 to GS 6.0); likewise, the numbers of 
secondary ears that set grain are also reduced by stress occurring at pre-
flowering (11,24). It has been documented that post-anthesis loss of leaf tissue 
reduces grain fill, resulting in smaller kernel size and lower kernel weight. 
The epidemics documented during the duration of this study all developed 
and became severe after GS 6.0. Thus, kernel weight was the primary yield 
component affected by diseases causing yield losses. The data showed that the 
fungicidal treatments promoted an increase in kernel weight and size. In 
turn, this was translated as an increase in the number of kernels meeting 
seed grade size specifications and an increase in the overall yield of saleable 
seed across the three commercial grades in which the kernels were 
categorized. The fungicides prevented or delayed losses in photosynthetic 
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area and obviously allowed for more photosynthate to be produced and 
translocated to the kernels. 
Hybrid corn seed is of high economic value, and fungicidal control of 
some fimgal leaf spot diseases is economically feasible in cases in which 
significant yield losses are expected. Much more information on the effect of 
those diseases on seed yield is needed in order to determine the need of 
fungicide applications. Although our data showed that yield losses can be 
prevented by fungicide applications, economic analyses are necessary in 
order to determine the most beneficial cost-return relationships. Some of the 
data shows that timely application of two sprays of the protectant 
chlorothalonil can be as effective, yieldwise, as three or four sprays of the 
same product. A complex interaction seems to be involved in the proportional 
distribution of the different sizes of seed grade kernels produced per unit area. 
Medium sized kernels are the most desirable grade for commercial purposes, 
but fungicide applications sometimes did not increase the yield of the most 
desirable seed sizes. 
Scouting for diseases in seed corn fields is a must for integrated disease 
control programs. The programs should consider the level of crop residue, 
the date the first lesions were observed, pathogens involved, stage of crop 
growth, genotype of com, and fungicides that may be applied. Frequent 
scouting for diseases (and other pests) is preferable to a prophylactic system of 
applying fungicides with no apparent disease pressure. 
The timing of the fungicide applications in this study was not done as 
recommended by the labels for the fungicides. The intervals between sprays 
exceeded the recommended 4-10 day intervals. The intervals used in this 
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study and the timing of some sprays was predicated by design and also to 
avoid spraying while detasseling operations were occurring. A 10-14 day 
spray schedule was desired, but detasseling, insect control operations, and 
rainy weather prevented timely applications. 
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APPENDIX A 
Table A-1. Cronology of occurrence of critical phenological events 
(approximate) and of experimental activities performed in trials at 
commercial seed com fields in Summer 1990. Iowa 
Experimental site 
Growth stage® Green 
activity Mountain Fremont Mt Union Packwood 
GS5.0 
50% silks 08-03(0)b 08-01(0) 08-01(0) 07-31(0) 
Spray n.a. n.a. 08-02 (1) 08-01(1) 
GS6.0 
Spray 08-14(11) 08-13(12) 08-15(14) 08-15(16) 
Assessment n.a. n.a. 08-15(14) 08-15(16) 
GS 6.8-7.2 
Assessment 08-25(22) 08-25(24) n.a. 09-01(32) 
Spray 08-29(26) 08-25 (24) n.a. n.a. 
GS8.5 
Assessment 09-12(40) n.a. n.a. n.a. 
Harvest 09-22(50) 09-19(49) 09-17(47) 09-27(58) 
®See growth stages (GS) in Table 6 as modified from Hanway (25). 
^Values within parentheses indicate the number of days after mid-silk that 
an event or activity occurred. 
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Table A-2. Chronology of occurrence of critical phonological events 
(approximate) and experimental activities performed in two trials at 
comercial seed com fields in Summer 1991. Iowa 
Growth stage^/ Site of experiment 
activity Bennett Fremont 
GS4.0 
Spray 07-03 (-12)b 07-02 (-10) 
GS5.0 
50% silks 07-15 (00) 07-13(00) 
GS 5.2-5.5 
Assessment 
Spray 
07-17(02) 
07-21(06) 
07-16(03) 
07-20 (07) 
GS6.0 
Assessment 08-01(18) 07-31(18) 
GS6.5 
Spray 08-07(24) 08-07 (25) 
GS7.2 
Assessment 08-16(32) 08-15 (33) 
GS8.2 
Assessment 08-27(44) 08-27 (45) 
Harvest 09-02(49) 09-15 (64) 
®See growth stages (GS) in Table 6 as modified from Hanway (25). 
Walues within parenthesis indicate the number of days before ("-") or 
after mid-silk that an event or activity occurred. 
Table A-3. Chronology of occurrence of critical phonological stages (approximate) and experimental 
activities performed in the trials established in Summer 1992, Iowa 
Experimental site by cooperator 
Growth stage®/ 
activity 
Pioneer Hi-Bred ICI 
Lincoln 
LYNKS 
Conrad Liscomb Van Home Beaman Keystone 
GS 2.5-2.8 
Spray 06/24(-27)^ 06/25(-27) 06/24(-28) 07/01(-32) n.a. n.a. 
GS40 
Spray 07/14(08) 07/ll(-12) 07/14(09) 07/21(-12) 07/ll(-ll) n.a. 
GS 5.0 
50% silks 07/22(00) 07/23(00) 07/23(00) 08/02(00) 07/22(00) 07-25(00) 
GS 5.5-5.8 
Spray 07/31(09) 07/29(06) 07/31(08) 08/08(06) 07/30(08) n.a. 
Assessment 08/04(13) n.a. n.a. 08/13(11) n.a. n.a. 
GS 7.0 
Spray 08/16(25) n.a. 08/16(24) 08/22(20) 08/17(26) 08/21(27) 
Assessment 08/20(29) n.a. 08/18(26) 08/27(25) 08/21(27) 
GS 8J2-&5 
Assessment 08/31(40) 08/29 (37) 09/04(39) 09/07(36) 08/29(38) 09/07(44) 
GS 9.5 
Assessment n.a. n.a. n.a. n.a. 09/16(56) n.a. 
Harvest 09/21(61) 09/26(65) 09/23(62) 10/03(61) 09/24(64) 09/22(59) 
aSee growth stages in Table 6 as modified from Hanway (25). 
^Values within parentheses indicate the number of days before (-) or after mid-silk that an event or 
activity occurred. 
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APPENDIX B 
Table B-1. Analysis of variance and means of common rust injury (% 
LAD) at three growth stages of fungicide-treated seed com plots in a 
commercial field. Liscomb, Iowa. 1992 
Growth stages 
@GS 5.8 @GS 7.5 @GS 8.5 
ANOVA 
Sources df MS MS MS 
Replications 3 0.008 1.63 57.96 
Treatments 9 0.014NS 10.45** 47.25** 
Error 27 0.017 .65 4.15 
CV(%) 65 32 38 
Treatments® Means 
Mancozeb full protection 0.13 0.26 0.3 
Chlorothalonil full protection 0.17 0.75 1.9 
Clorothalonil twice. 0.19 0.97 2.1 
initiation at GS 4.0 
Chlorothalonil twice, 0.24 4.00 5.2 
initiation @GS 5.5 
Chlorothalonil twice, 0.23 1.82 5.5 
initiation @GS 2.5 
Chlorothalonil once. 0.20 2.72 5.7 
initiation ®GS 4.0 
Chlorothalonil once. 0.30 4.24 6.0 
initiation @GS 5.5 
Propiconazole twice, 0.24 2.02 6.4 
initiation @GS 2.5 
Propiconazole once. 0.33 3.16 7.7 
initiation @GS 4.0 
Untreated control 0.23 5.00 12.4 
NS Non-significant difference. 
**Highly significant difference (p= 0.01), with tabular F= 3.14. 
^Propiconazole at 125 g a.i./ha, chlorothalonil at 1.69 kg a.i./ha, and 
mancozeb at 1.26 kg a.i./ha. 
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Table B-2. Analysis of variance and means of common rust injury (% 
LAD) at two growth stages of fungicide-treated seed com plots in a 
commercial field. Beaman, Iowa. 1992 
Growth stages 
@GS 7.2 @GS 8.5 
ANOVA 
Sources df MS MS 
Replications 3 2.59 10.78 
Treatments 9 14.75** 45.55** 
Error 27 1.34 4.56 
CV(%) 37 48 
Treatments» Means 
Mancozeb full protection 0.4 0.5 
Chlorothalonil full protection 0.8 2.7 
Chlorothalonil twice, initiated 1.1 3.0 
@GS 4.0 
Chlorothalonil once, @GS 4.0 1.7 4.5 
Chlorothalonil twice, initiated 1.2 4.7 
@GS 2.5 
Propiconazole twice, initiated 1.8 6.2 
@GS 2.5 
Propiconazole once, @GS 4.0 2.1 6.6 
Chlorothalonil twice, initiated 4.3 7.1 
@GS 5.5 
Chlorothalonil once, @GS 5.5 4.4 10.0 
Untreated control 6.3 11.6 
NS Non-significant difference. 
** Highly significant difference (p= 0.01), with tabular F= 3,14. 
^Propiconazole at 125 g a.i./ha, chlorothalonil at 1.69 kg a.i./ha, and 
mancozeb at 1.26 kg a.i./ha. 
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Table B-3. Analysis of variance and means of yield of saleable seed of 
fungicide-treated seed corn plots in a commercial field. Liscomb, Iowa. 
1992 
500-
seed Yield of saleable seed ( baes/ha) 
weight Large Medium Small All 
(g) size size size sizes 
ANOVA 
Sources df MS MS MS MS MS 
Replications 3 34.49 19.1 163.7 4.4 276.1 
Treatments 9 33.25** 26.6** 291.6** 126.2NS 653.1** 
Error 27 6.34 3.8 41.8 136.2 99.3 
CV(%) 2 22 11 7 4 
Treatments® Means 
Mancozeb full protection 124 14.8 74.4 161.0 250.3 
Chlorothalonil full 122 11.8 65.7 158.5 236.0 
protection 
Chlorothalonil twice, 119 9.9 63.8 156.6 230.3 
initiation @GS 4.0 
Chlorothalonil once, 116 7.1 57.0 164.4 228.6 
initiation @GS 4.0 
Propiconazole twice. 118 8.4 59.1 155.9 223.4 
initiation @GS 2.5 
Chlorothalonil twice. 116 7.6 52.6 162.2 222.5 
initiation @GS 2.5 
Chlorothalonil twice, 121 9.6 62.5 145.8 218.0 
initiation @GS 5.5 
Propiconazole once, 116 7.4 50.4 153.7 211.5 
initiation @GS 4.0 
Untreated control 114 6.2 44.3 160.5 211.1 
Chlorothalonil once. 117 7.2 53.0 150.2 210.3 
initiation @GS 5.5 
NS Non-significant difference. 
** Highly significant difference (p= 0.01, with tabular F= 3.14.) 
^Propiconazole at 125 g a.i./ha, chlorothalonil at 1.69 kg a.i./ha, and 
mancozeb at 1.26 kg a.i./ha. 
Ill 
Table B-4. Analysis of variance and means of yield of saleable seed of 
fmigicide-treated seed corn plots in a commercial field. Beaman, Iowa. 
1992 
500-
seed Yield of saleable seed fbags/ha) 
weight Large Medium Small All 
(g) size size size sizes 
ANOVA 
Sources df MS MS MS MS MS 
Replications 3 8.87 5.99 100.78 94.71 126.26 
Treatments 9 50.86** 32.22** 579.40** 47.64NS 942.81** 
Error 27 7.51 2.06 44.61 100.17 112.55 
CV(%) 2 23 11 5 4 
Treatments® Means 
Chlorothalonil full 119 9.4 77 200 287 
protection 
Mancozeb full protection 121 12.0 80 193 285 
Chlorothalonil twice, 113. 7.6 64 202 274 
initiation @GS 2.5 
Chlorothalonil twice, 115 6.2 62 199 267 
initiation @GS 4.0 
Propiconazole twice, 112 4.6 54 202 261 
initiation @GS 2.5 
Chlorothalonil once, 115 5.9 59 195 260 
initiation @GS 4.0 
Propiconazole once, ®GS 
4 n 
112 3.6 53 201 257 
4.U 
Chlorothalonil twice, 113 4.2 54 195 253 
initiation @GS 5.5 
Chlorothalonil once. 111 4.1 47 196 248 
initiation @GS 5.5 
Untreated 109 3.2 42 194 239 
NS Non-significant difference, 
** Highly significant difference (p= 0.01, with tabular F= 3,14.) 
^Propiconazole at 125 g a.i./ha, chlorothalonil at 1.69 kg a.i,/ha, and 
mancozeb at 1.26 kg a.i,/ha. 
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Table B-5. Preplanned mean comparisons of treatments performance in 
control of common rust at two crop growth stages and yield of saleable 
seed (bags/ha) in seed corn plots in a commercial field. Liscomb, Iowa. 
1992 
Common rust Seed 
Contrasts ®GS 7.5 @GS 8.5 yield 
Chlorothalonil treatments 
Full protection twice initiated @GS 2.5 2.3NS 26.3* 368.8NS 
Full protection twice initiated @GS 4.0 O.INS O.INS 65.3NS 
Twice initiated @GS 2.5 vs twice initiated ' 1.4NS 23.9* 123.7NS 
®GS 4.0 
Twice initiated @GS 4.0 twice initiated 18.3** 20.4NS 305.8NS 
@GS 5.5 
Twice initiated @GS 4.0 Y& once initiated 6.1** 26.3* 6.3NS 
@GS 4.0 
Twice initiated @GS 5.5 vs once initiated O.INS 1.1NS 116.3NS 
@GS 5.5 
Products comparisons 
Chlorothalonil full protection vs mancozeb 0.5NS 5.2NS 404.0* 
full protection 
Chlorothalonil twice initiated @GS 2.5 zs .INS 1.4NS 1.8NS 
propiconazole twice initiated @GS 2.5 
(Chlorothalonil full protection + mancozeb 53.6** 342.9** 2739.2** 
full protection) vg untreated control 
NS non-significant difference when compared to error mean squares of 
0.68 and 5.02 for disease at GS 7.0 and 8.5, respectively, and 94.65 for yield. 
* Significant differences at p= 0.05 (tabular F with 1, 27 df= 4,21). 
** Highly significant difference at p= 0.01 (Tabular F with 1, 27 df= 7.68). 
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Table B-6. Preplanned mean comparisons of treatments performance in 
control of common rust at two growth stages and yield of saleable seed 
(bags/ha) in seed com plots in a commercial field. Beaman, Iowa. 1992 
Common rust Seed 
@GS 7.5 @GS 8.5 yield 
Preplanned means comparisons MS MS MS 
Chlorothalonil treatments 
Full protection v& twice initiated @GS 2.5 0.24NS 7.7NS 330.4NS 
Full protection vg twice initiated @GS 4.0 0.15NS 0.13NS 737.6* 
Twice initiated @GS 2.5 vg twice initiated O.OINS 5.8NS 80.7 
@GS 4.0 
Twice initiated @GS 4.0 ys twice initiated 20.1** 35.2** 402.8NS 
@GS 5.5 
Twice initiated @GS 4.0 once initiated 0.7NS 5. INS 101.3NS 
@GS 4.0 
Twice initiated @GS 5.5 xs once initiated 0.02NS 16.2NS 54.2NS 
@GS 5.5 
Products comparisons 
Chlorothalonil full protection vg mancozeb 0.4NS 9.3NS 4. INS 
full protection 
Chlorothalonil twice initiated ®GS 2.5 0.7NS 4.5NS 339.7NS 
propiconazole twice initiated @GS 2.5 
(Chlorothalonil full protection + mancozeb 86.1** 268.0** 5833.6** 
fall protection) vg untreated control 
NS Non-significant difference when compared to error mean squares of 
1.35 and 4.56 for disease at GS 7.0 and 8.5, respectively, and 112.55 for yield. 
* Significant differences at p= 0.05 (tabular F with 1, 27 df= 4.21). 
** Highly significant difference at p= 0.01 (Tabular F with 1, 27 df= 7.68). 
Table B-7. Correlation coefficients, coefficients of determination, regression coefficients, and F tests of 
significance for critical point regression models of seed weight and yield of saleable corn seed on severity 
of common rust at three crop growth stages. Liscomb, Iowa. 1992 
Growth stage 5.8 Growth stage 7.5 Growth stage 8.5 
% Yield % Yield % Yield 
% seed Large Mid All % seed Large Mid All % seed Large Mid All 
Statistics weight size size sizes weight size size sizes weight size size sizes 
Coeffîcients 
r -.35 
.12 
a -9.1* 
Variances 
Model 49* 1185NS 1041* 158* 100** 6891** 3105** 661** 194** 9287** 4842** 604** 
Error 9 459 180 35 8 309 125 21 5 246 78 23 
NS Non-significant relationship or regression model. 
* Significant coefficients or regression models (p= 0.05). Tabular r value for correlations= .312 (with 38 df). 
Tabular P for regression models and coefficients= 4.10 (with 1, 38 df), 
** Highly significant coefficients or regression model. Tabular r value for correlations= ,413 (with 38 df). 
Tabular F for regression models= 7,35 (with 1, 38 df). 
-.25 -.36 -.33 -.50 -.61 -.63 -.67 -.70 -.71 
.06 .13 .11 .25 .37 .39 .45 .49 .49 
44.7NS -41.9* -16.3 -.9** -7.7** -5.2** -2.4** -.5** -3.6** 
-.78 -.64 
.61 .41 
-2.6** -.9** 
Table B-8. Correlation coefficients, coefficients of determination, regression coefficients, and tests of 
significance for critical point regression models of yield of saleable corn seed on severity of common rust 
at two crop growth stages, Beaman, Iowa. 1992 
Growth stage 7.2 Growth stage 8.5 
% Yield % Yield 
% seed Large Mid All % seed Large Mid All 
Statistics weight size size sizes weight size size sizes 
.58** -.59** -.68** -.72** -.65** -.68** -.74** -.77** 
.34 .34 .46 .51 .42 .47 .55 .60 
.9** -6.9** -5.2** -2.0** 0.6** -4.5** -3.2** -1.2** 
158.9** 8617.1** 4853.6** 741.6** 202.1** 11700.5** 5826.0** 875.2** 
8.2 433.1 149.4 18^6 7J. 352.1 123.8 15.1 
NS Non-significant relationship or regression model. 
* Significant coefficients or regression models (p= 0.05). Tabular r value for correlations= .312 (with 38 
df). Tabular F for regression models and coefficients= 4.10 (with 1, 38 df) 
** Highly significant coefficients or regression model (p= 0.01). Tabular r value for correlations= .413 
(with 38 df). Tabular F for regression models and coefficients= = 7.35 (with 1,38 df) 
Coemcients 
r 
r2 
R 
Variances 
Model 
Error 
